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AUTHOR’S FOREWORD 


T he addition of automatic frequency control to the 
superheterodyne has added just one more problem that 
the serviceman must solve. ... In the main it is 
true that the functioning of all the AFC circuits has a com- 
mon basis, i.e., a shifting of the frequency of the receiver’s 
oscillator to compensate for inaccuracies in the setting of the 
tuning condenser, but as is usual in circuit design, the number 
of variations of the basic circuit is legion. It is the author’s 
belief in this as in everything, that a complete understanding 
of the principles on which the AFC circuit is based is the 
only intelligent and logical way to attack the solution of the 
problem. 

With this thought in mind the first four chapters are de- 
voted to a description of basic principles. We have taken the 
liberty of including a review chapter covering certain phases 
of fundamental radio theory for those men in whose minds 
these very important principles are hazy and without which a 
thorough comprehension of the remainder of the book would 
be impossible. The rest of the chapters cover the different 
types of AFC circuits found in commercial receivers, the 
alignment, and general servicing notes of this latest radio 
development. 

The introduction of AFC has enabled radio engineers to 
add semi-automatic and automatic systems of tuning to the 
superheterodyne and so the serviceman has to turn to things 
mechanical. While a complete description of the various 
methods of automatic tuning is beyond the scope of this book, 
one or two systems, which might be classified as basic, are 
described, with the thought that a more complete explanation 
may be had from the various manufacturers’ service bulletins. 

vii 
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The author wishes to express his thajoks to the several manu- 
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Chapter I 


INTRODUCTION 


T ee tuning process has always been one of the most im- 
portant in the operation of a radio receiver, permitting, 
as it does, the selection of any one of a number of dif- 
ferent channels to which the receiver will respond. Realizing 
the importance of this control, much research has been di- 
rected toward finding methods for effecting a simplification 
and improvement in tuning. Automatic frequency control, 
the subject of this book, is the latest step in the long chain of 
developments which has marked the fruits of this research. 

Prior to automatic frequency control, we witnessed the evo- 
lution of the modern receiver from the cumbersome instru- 


ment of ten years ago, which in many cases had as many as 
•five or more separate tuning controls. Ganging of these indi- 
vidual tuning controls marked a real forward advance in the 
simplification of tuning, and up to the introduction of the 
superheterodyne it might well be said that the tuning problem 
was pretty well solved. 

However, the widespread development and use of the super- 
heterodyne brought with it new problems because of the in- 
creased selectivity which this circuit made possible. It is true 
that improved vernier dial mechanisms did make for smoother 
tuning and that tuning indicators were of great assistance in 
making possible more accurate tuning, but in spite of these 
aids, there is no question but that the present-day superheter- 
odyne which is not equipped with automatic frequency control 
requires more care in accurately tuning in a signal than the 
average set user is generally willing or able to employ. 


I 
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Effects of Mistuning. 

Suppose that a receiver is not tuned exactly to a signal 
which is being received, what then? As far as the volume 
output of the receiver is concerned, the set operator will al- 
ways adjust the volume control so that the output of the 
receiver is at the desired level. But unfortunately inaccuracies 
in tuning cannot be compensated for by changes in the setting 
of the volume control, since the effect of mistuning is to 
introduce serious distortion into the audio output, — the 
amount of distortion depending upon the degree of mistuning. 
Thus, when the receiver is only slightly detuned, the higher 
audio frequencies are increased because the higher side fre- 
quencies of one sideband are brought within the resonance 
curve. For greater degrees of mistuning, distortion is intro- 
duced as a result of the partial suppression of the carrier. In 
addition, the change in the phase relations between the carrier 
and the sidebands also gives rise to further distortion. The 
oscillograms in Figs. 1 and 2 illustrate how serious this dis- 
tortion can be. 



Fig. 1, left, Fig. 2. When a receiver is correctly tuned to a 
signal (in this case the modulation is a sine wave), the output 
will be undistorted, as the oscillogram of Fig. 1 shows. If the 
set is inaccurately tuned, a distorted output will result as shown 
in Fig. 2 

The public in general has come to expect a greater amount 
of fidelity in the reception of radio programs and a great deal 
of money is being spent on the installation of high-fidelity 
transmitting equipment; consequently such distortion as a 
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result of inaccurate tuning is of considerable importance. In 
high-fidelity receivers which have a flat top band-pass charac- 
teristic and automatic volume control, tuning is even more 
complicated, because the output level remains substantially 
flat for a considerable range on either side of the correct 
tuning position. While it is true that this problem has been 
partially solved by the use of increased selectivity in the tun- 
ing indicator circuit, nevertheless the fact remains that it is 
most important that these high-fidelity receivers be accurately 
tuned. 

On the short-wave bands, where tuning is extremely sharp 
as a result of the inherent selectivity of the superheterodyne 
receiver, it is equally important that the receiver be tuned ac- 
curately to the signal. Here, however, the problem is not 
so dijficult since the receiver rtimt be tuned rather carefully if 
the signal is to be received at all. Nevertheless we shall see 
later on in this book that automatic frequency control is of 
great value on the short-wave bands as well as on the broad- 
cast band, because it helps to overcome the effects of oscillator 
drift. In this respect it removes the necessity for continually 
readjusting the tuning control as the receiver warms up and 
the oscillator circuits reach a stable operating condition. 

What Automatic Frequency Control Does. 

We have indicated in the preceding paragraphs the reasons 
why it is desirable that a receiver be accurately tuned to the 
signal which is being received. The circuit development 
known as automatic frequency control and which is to be 
designated throughout this book by the letters AFC, is a 
system for accurately tuning in a station with the least 
amount of effort on the part of the set operator. In other 
words, a receiver equipped with AFC need not be tuned with 
the same care and accuracy as a receiver without AFC; in fact, 
the AFC-equipped receiver will be tuned more accurately 
than a receiver not so equipped is normally tuned, even 
though the manual setting of the gang condenser is off by 
as much as several kilocycles. Explained in a slightly different 
way, AFC compensates for errors made in selecting a desired 
station manually and within limits of the order of 10 kc on 
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either side of the carrier, the signal will be received with per- 
fect fidelity. 

The ease and simplification in tuning which AFC makes 
possible is graphically shown in Figs. 3 and 4. For the sake 
of clarity we take the case in which it is desired to receive a 
station operating on a carrier frequency of 800 kc. Fig. 3 
shows the great care in tuning which must be exercised if 
the receiver is not equipped with AFC. If the limits indicated 
by the shaded area, which extends from 798 to 802 kc are ex- 
ceeded, then a noticeable amount of distortion will be intro- 
duced into the output. This admittedly calls for more care 
in tuning than the average set owner takes. 



785 790 795 600 605 8/0 8/5 



785 790 795 800 805 6/0 8/5 

Fig. 3, above, Fig. 4. For distortionless reception, the dial pointer must 
be set within the limits of the shaded area of Fig. 3, the carrier frequency 
of the station being 800 kc. Fig. 4 shows how AFC extends the limits 
within which perfect reception is possible 

The great improvement which is brought about by the 
introduction of AFC is shown in Fig. 4. Note that the re- 
ceiver will now be in perfect tune as long as the dial pointer 
lies within the greatly extended shaded area. The diagram 
shows this area extending over a range of 8 kc on either side 
of the carrier, which can be taken as typical of the per- 
formance of receivers equipped with AFC. The incorporation 
of AFC thus makes it possible to tune a receiver quickly to 
the approximate location of the desired station and still to 
have the receiver in perfect tune despite the fact that the 
setting does not coincide exactly with the dial reading in 
question. Obviously it is hardly necessary to rock the dial 
back and forth while watching a tuning indicator in order 
to set the pointer within the limits shown in Fig. 4. On the 
contrary, the tolerance is sufficiently great so that it is even 
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possible to use a control system resembling a telephone dial, 
whereby exact tuning is accomplished by inserting the finger 
in the appropriate hole and flicking the dial to the stop. Even 
where the conventional dial arrangement is used, AFC ef- 
fects a great saving in time by making it possible to have the 
station tuned in accurately at the first trial without a sup- 
plementary fine readjustment. 

Perhaps we have created the impression that just because a 
receiver is equipped with AFC it is permissible to tune it 
carelessly without limit. Such is not the case. While no 
distortion will be introduced if a receiver is tuned within the 
limits shown in Fig. 4, for reasons which will be explained 
later on it is desirable that the receiver be tuned with a fair 
amount of care and that large errors in tuning be avoided. 

It should be mentioned here that AFC is not to be confused 
with remote control and automatic systems of tuning which 
employ a motor and suitable controls to rotate the shaft of 
the tuning condenser to the proper position. While AFC 
does simplify the design of such systems in that it reduces the 
tolerance required in the setting of the condenser shaft, you 
should keep in mind that it is a basically new system and 
functions apart and independently of the automatic tuning 
mechanism. You must understand that AFC does not me- 
chanically tune the receiver by rotating the condenser gang. 

Hou> Automatic Frequency Control Operates. 

We stated that AFC makes possible quick and accurate 
tuning, eliminates distortion as a result of inaccurate tuning, 
and prevents variation in the output signal as a result of drift 
in the oscillator frequency. To explain exactly how this is 
accomplished in all its many details is of course the fxmction 
of this book. However, we believe that it will be of value in 
this opening chapter to give you a bird’s-eye view of how the 
entire system operates. This will better enable you to see 
in its proper perspective the relation between the various 
parts and the system considered as a whole. Having obtained 
this view of the general method of operation, you will better 
be able to follow the detailed explanation of how the various 
elements in the system function. 
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The block diagram in Fig. 5 shows the path which a signal 
takes in passing from the antenna to the speaker of a con- 
ventional superheterodyne. As a result of the fact that the 
receiver is equipped with AFC, two new units are used in 
the receiver and these are called the discriminator and the 
oscillator control stages. They are indicated in the diagram 
in heavy lines so as to distinguish them from the other com- 
ponents which are not directly related to the AFC system. 



Fig. S. The block diagram shows how the discriminator and oscillator 
control circuits are added to a superheterodyne to obtain AFC action 


Before you can follow the operation of this general AFC 
system, it is absolutely essential to understand that whether 
or not a superheterodyne receiver is correctly tuned depends 
almost entirely upon the value of the oscillator frequency. 
That is, when the oscillator frequency is higher than the signal 
frequency by an amount equal to the intermediate frequency, 
the receiver is tuned correctly. In the same way, if the 
oscillator frequency is either higher or lower than this value, 
then the receiver is mistuned and distortion will result. 

Because of the dependence of tuning upon the oscillator 
frequency, every system of automatic frequency control in- 
corporates a unit which automatically maintains the oscillator 
frequency at the correct value. This is the function of the 
oscillator control stage in Fig. 5. 

Since we are dealing with an automatic system, there must 
be some element in the system which automatically flashes a 
"signal” to the oscillator control stage so as to tell this stage 
whether the oscillator frequency is correct, and if not, how 
far off it is, and in what direction this deviation is. The 
unit designated as the discriminator performs this function. 
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In Chapter III we shall investigate in detail how the various 
types of discriminators operate. For the time being, it will 
suffice to state that the discriminator operates by means of 
a voltage which it produces in accordance with whether the 
signal comes through the i-f amplifier at the i-f peak or at 
some frequency different from the i-f peak. If the receiver 
is tuned correctly, the signal comes through at the i-f peak 
and zero control voltage is produced in the discriminator. 
However, if the signal comes through on one side of the i-f 
peak, then a negative control voltage is produced, and if the 
signal comes through on the other side of the i-f peak, then a 
positive control voltage is produced. The particular polarity 
required depends on the control circuit used. 

As you will observe from the connection of the discrimi- 
nator in the block diagram, this control voltage which is 
produced by the discriminator is applied to the oscillator 
control stage. As a result of the manner in which the oscil- 
lator control stage is arranged, the application of this control 
voltage changes the oscillator frequency to the correct value 
and in this way corrects any inaccuracies in tuning which 
may have been present. 

It is hardly to be expected that you will understand how 
AFC operates from this rather sketchy explanation. However, 
it should serve as a background for the detailed explanations 
of discriminator and oscillator control circuits which we shall 
present in subsequent chapters of this book. 



Chapter II 


GENERAL REVIEW 

I N VIEW of the fact that this book is intended for service- 
men and experimenters, we feel it necessary to consider 
briefly a number of basic subjects of importance in con- 
nection with the operation of AFC circuits. As far as the 
review in this chapter is concerned, it will be as brief as is 
consistent with a clear presentation. Those who are familiar 
with the subjects discussed can naturally omit this chapter, 
but those men who do not thoroughly understand such sub- 
jects as relative polarity in d-c circuits and the phase relations 
in inductances, condensers, and transformers, — should read 
this chapter thoroughly — ^perhaps even twice. 

As to the elementary concept of phase, we are going to 
take for granted that the reader has an idea of what phase 
means. We take this viewpoint because of the fact that the 
author has written a volume entitled "An Hour a Day with 
Rider on Alternating Currents in Radio Receivers,” wherein 
the subject of phase is discussed in great detail, and which 
book has already been offered to those men to whom this book 
on AFC is addressed. 

D-C Voltages and Polarity. 

There are a number of ways in which d-c voltages — no 
matter what their source— can be arranged so as to develop a 
resultant voltage between two points. One such method is 
to connect the two voltages in such manner that both tend 
to drive current through the circuit in the same direction. 
When this is done, the two voltages are connected in series, 
as shown in Fig. 6. If we designate one voltage as El and 

8 
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the other as E2, the resultant voltage E3 will be the sum of 
the two voltages in the series combination. If El, for ex- 
ample, is 10 volts and E2 is 10 volts, E3 will equal 20 volts. 
Of course these figures are purely illustrative and the relation 
holds true irrespective of the numerical values of El and E2. 
As to the polarity of the resultant voltage, it is the same as 
the polarity of either one of the voltages connected in series. 

Fig. 6. When the positive 
side of one voltage El is 
connected to the negative 
side of another E2, the 
resultant voltage E3 is the 
sum 

Fig. 7. When the positive 
sides of two equal voltages 
are connected, the result- 
ant voltage E3 is 2 ero, that 
is, they cancel out 

Another type of connection is shown in Fig. 7, wherein 
the two voltages El and E2 are so connected that the positive 
terminal of El joins the positive terminal of E2. In this 
arrangement, each of the voltages tends to send current 
through the circuit in different directions, so that the two 
voltages tend to buck or offset each other. In such cases, 
the resultant voltage E3 is equal to the difference between 
the two voltages, El and E2. If El is 10 volts and E2 is 10 
volts, the resultant voltage E3 is equal to zero, because the 

ptG. S PIG. 9 

+ Figs. 8 and 9. When the positive 
sides of two unequal voltages are 
connected, the resultant voltage 
equals the difference between the 
two, and its polarity is the same 
as the polarity of the larger 
voltage 


two voltages, acting in opposite directions, cancel each other. 

However, if El is 20 volts and E2 is 10 volts, as shown in 
Fig. 8, the resultant voltage E3 is 10 volts, being the differ- 
ence between El and E2. As to the polarity of the resultant 
voltage, it is determined by the polarity of the greater of the 


~E}-ZOV. 
~ £3 = 




+T 

c 


= -iov. 


Et^iov. 

c 


■^Ez=iov. 
-Tj§ 


-^EZ'ZOV. 

J -~ T^ 


- X7i 

=iov 




'^El-iov. 


E3- -ZOW. 


.^£z=iOv. 


Ik. 




E3=0 V. 


-=-£2 =/OV. 

■% 



lo AUTOMATIC FREQUENCY CONTROL SYSTEMS 

two voltages, so that point A becomes 10 volts negative with 
respect to point B. As is evident, the circuit assumes the 
polarity of the greater of the two voltages, or El. 

If we now reverse the values, as shown in Fig. 9, so that 
El is 10 volts and E2 is 20 volts, the resultant voltage E3 
again is 10 volts, but now the polarity of this voltage is 
determined by the polarity of E2, because it is this voltage 
which is the greater of the two voltages in the combination. 
In this case point B becomes the negative terminal with re- 
spect to all other points in the circuit, and point A is 10 volts 
positive with respect to point B. 

You can therefore see that polarity is purely a relative 
term and depends entirely upon the polarity and magnitude 
of the individual voltages in the circuit. 

If we replace the batteries of Figs. 7, 8 and 9 with a re- 
sistance network, such as shown in Fig. 10, and assume that 


- 

1 ^ 

I 

Fig. 10. The voltage at point A with 
respect to B can be positive, negative, or 

El 

^Rl 

+ 

H..i C 

zero, depending upon the relative values 

+ 


of the voltage drops across the resistors 

Ez 

>/?z 

Rl and R2 

- 
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a d-c voltage El is developed across Rl and a d-c voltage E2 
is developed across R2, we have the equivalent of what was 
shown in Figs. 7, 8 and 9. If A and B are the two limits of 
this resistor network, we can see how it is possible for A and 
B to be the same potential (El = E2), or for point A to be 
positive or negative with respect to point B. It all depends 
upon the relative values of El and E2. 

Such a Voltage system with variable polarity is to be found 
in AFC circuits in what is known as the differentially con- 
nected rectifier employed in discriminator circuits. In this 
circuit, which will be described in the following chapter, the 
two d-c voltages El and E2 are secured from diode rectifiers 
and appear across two load resistors similar to Rl and 
R2. . . . Let us now move on to another topic of interest. 
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Inductance in A-C Circuits. 

When an inductance is used in an a-c circuit, a number of 
interesting actions occur which are of considerable importance 
in connection with the operation of AFC circuits. ... In 
order to present an explanation of how these various actions 
occur, let us consider first the behavior of an inductance or 
coil when a d-c voltage is applied. Accordingly, we arrange 
the circuit shown in Fig. 11, wherein a coil L is connected 



Fig. 11. The ammeter I indicates the current flowing in the series circuit, 
consisting of a coil, battery, and switch, while the voltmeter V shows the 
voltage across the coil L. When the switch S is closed, the voltage rises 
at once to its maximum value. Fig. 12 A, but the current rises slowly to its 
maximum value, Fig. 12B, and thus lags behind the voltage 


across a battery B. The voltmeter V measures the voltage 
appearing across the coil and the ammeter I shows the current 
flowing through the circuit. The switch S opens or closes the 
circuit. 

What happens when the switch S is closed? . . . The volt- 
meter V instantaneously indicates the voltage of the battery, 
but strange as it may seem, the ammeter I does not indicate 
the maximum current at the first instant. . . . Instead, it 
shows a small value of current, which gradually rises to the 
maximum value determined by the d-c resistance of the cir- 
cuit — and then remains constant at this value as long as the 
voltage is applied. ... In other words, the current rise 
lags behind the voltage. If we illustrate graphically what has 
been described, the condition would be as shown in Figs. 12 
A and B. Something associated with the inductance prevents 
the current from rising to a maximum simultaneously with 
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the voltage, as it would in the case of a circuit containing only 
resistance. . . . This phenomenon of current lagging behind 
voltage is characteristic of inductances and is always as- 
sociated with them. ... If the battery B in Fig. 11 were 
replaced by a source of varying voltage, we would find that 
the current rise would always follow behind the voltage rise 
— and the current fall or decrease would always occur after 
the decrease in the applied voltage. ... Let us see 
why. . . . 

The current-lagging action which we have just described 
depends upon two basic laws. One of these states that when 
an electrical current flows through a conductor, magnetic 
lines of force are created and surround the conductor. The 
second important electrical law states that when varying 
magnetic lines of force cut a conductor, a voltage or electro- 
motive force (emf) is induced in that conductor. Apply- 
ing these two principles to the circuit of Fig. 11, we see 
first of all that because of the current flow, magnetic lines of 
force surround the turns of coil L. . . . At the start — that 
is, the moment after the switch S is closed — the current starts 
increasing and the magnetic lines of force are varying in 
strength. . . . Therefore, in accordance with the second 
law, these magnetic lines of force cut the turns and induce 
in them a new voltage. 

This new voltage is known as the self -induced voltage, or 
counter emf. It has this important property, namely, its 
direction or action is always such as to oppose any change in 
the value of the current already existing. In the case of the 
circuit shown in Fig. 11, the current does not immediately 
rise to its final value because the counter emf tends to op- 
pose the change in the initial value of the current. Since the 
initial value of the current is zero, the current tends to re- 
main at this value, and is prevented from increasing rapidly 
to its final value. 

A similar situation exists in the case of an inductance which 
is placed in an alternating current circuit. If we represent 
the applied voltage by Ea, the counter emf or induced voltage 
by Ei, and the current by I, then it turns out that these 
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quantities can be represented as shown in Fig. 13. Let us see 
why this is so. . . . 

In the first place the counter emf, Ei, will always be in 
such a direction as to oppose the change in current and hence 
will always be opposite in phase to Ea. Thus Ei is represented 
as being 180° out of phase with Ea. On the other hand, as 


Fig. 13. In an a-c circuit 
containing inductance, the 
counter emf Ei is 180° out 
of phase with the applied 
voltage, Ea. The current I 
lags 90° behind Ea 



in the case of the d-c circuit, the current does not reach its 
final peak value until after the applied voltage, and in fact, 
lags one quarter cycle or 90° behind the applied voltage. 
Thus the current I is shown as lagging 90° behind Ea in 
Fig. 13. 

In this illustration we have assumed that no resistance is 
present in the circuit. In any actual case, however, some 
resistance is of course present in the circuit, even if it is 
limited only to that possessed by the coil, and its effect is 
to change the phase of the curent so that it lags the applied 
voltage by less than 90 degrees. The greater the value of re- 
sistance, the smaller is the amount by which the current lags 
the voltage. ... So much for current-voltage relations in 
an inductance. 

Transformers. 

The transformer is of interest to us in this book because 
it appears as an essential component in most AFC discrimi- 
nator circuits and in some types of control circuits. While 
we do not intend to go into a very detailed analysis of the 
transformer, we do feel that a brief description of the various 
current and voltage relations which exist in transformer cir- 
cuits will be of assistance in aiding the understanding of AFC 
circuits. 
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The circuit of Fig. 14 shows the simplest possible type of 
transformer consisting of two windings which are placed 
close to each other. The primary winding is connected to an 
alternating-current generator which is indicated in the illus- 
tration as producing the voltage Ep. If we disregard the 

Fig. 14. The phase relations in this 
simple transformer circuit are explained 
in the text. The primary voltage and 
current are Ep and Ip respectively and 
the secondary voltage is Es 

secondary winding for the time being, then the primary 
circuit consists of an inductance in series with an alternating- 
current generator. From a previous study of the action of 
an inductance when it is connected to an alternating-current 
circuit, you can readily understand that the primary current 
Ip will flow through the primary winding and that this cur- 
rent will lag the applied voltage Ep by approximately 90®. 

Furthermore, in accordance with what has been said con- 
cerning the action of current flowing through an inductance, 
this primary current Ip sets up a magnetic field or magnetic 
flux and this magnetic flux is in phase with the current pro- 
ducing it. It also induces a counter emf across the primary 
and this counter voltage is 180° out of phase with the applied 
voltage Ep. Since the magnetic flux produced by the cur- 
rent is in phase with the current and since the current lags 
90° behind the applied voltage, it stands to reason that the 
magnetic flux likewise lags the primary voltage by 90°. So 
far we have neglected the presence of the secondary circuit 
since it is not completed and 'therefore no current can flow 
in it. 

Even though it is quite true that the secondary winding 
draws no current, nevertheless, a voltage is induced in this 
winding. This induced voltage is due to the presence of the 
changing magnetic flux created by the primary current. In 
the same way that this changing flux causes a counter voltage 
to be induced in the primary, so this same flux, when cutting 
the secondary winding, induces a voltage in this winding. 
Since both the primary counter emf and the voltage induced 
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in the secondary are due to the same magnetic field, it fol- 
lows that the voltage induced in the secondary will be in 
phase with the counter voltage induced in the primary. . . . 
Now, since the counter emf in the primary is 180° out of 
phase with the apphed primary voltage Ep, the secondary 
voltage will therefore also be 180° out of phase with Ep. 

As far as the elementary explanation of the operation of 
transformers is concerned, it makes no difference whether an 
air core or an iron core is used. When an iron core is used, 
then the number of magnetic flux lines which reach the 
secondary coil will be considerably greater than in the case 
of the air core. This is so because the iron core provides a 
better path than does air for these lines of force. 

Most discriminator transformers used in AFC systems 
which we shall have occasion to discuss, make use of air-core 
transformers. However, at least one manufacturer is em- 
ploying an iron-core discriminator transformer at the time of 
this writing and more than likely such transformers will be 
used by other manufacturers in the future. 

Secondary Circuit. 

So far we have discussed a simple case wherein the secondary 
circuit of a typical transformer is incomplete, and we have 
made brief reference to the voltage which is induced in the 

Fig. 15. A simple transformer circuit 
in which the secondary circuit is com- 
pleted through a resistor R, so that a 
secondary current Is flows. The phase 
relation of Is depends on several factors 

secondary winding. Let us now suppose that the secondary 
circuit is completed as we have shown in Fig. 15. First of all, 
we know that an induced voltage exists across the secondary 
winding. Second, current will naturally flow in the secondary 
circuit — because current flows in every closed circuit when a 
voltage is impressed. As to the phase of the secondary cur- 
rent Is, it is only natural that it will be in acQprdance with 
the general behavior of inductive circuits; in other words, 
the secondary current Is will lag behind the secondary voltage 
Es. The exact amount by which the secondary current lags 
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behind the secondary induced voltage depends upon the rela- 
tive values of the secondary reactance and the resistance R. 
If R is comparatively small, then the phase lag of the current 
will be approximately 90°, while if R is comparatively large, 
then the phase lag will be correspondingly less than 90°. 

Center-tapped Winding. 

Let us now consider a slightly different type of transformer 
— one in which the secondary circuit consists of a winding 
with a center-tap. Examples of transformers of this type are 
the conventional push-pull input transformer and the con- 
ventional power transformer, provided we disregard the fila- 
ment windings and consider only the high-voltage plate 
winding intended for use in a full-wave rectifier. In the 
next chapter you will readily see the similarity between this 
type of winding with respect to the voltages present in the 
circuit and the type of transformer system employed in AFC 
discriminators. The type of transformer we have under con- 
sideration is shown in Fig. 16. 

A Fig. 16. The voltages at the ends of 
the center-tapped secondary are oppo- 
B site in polarity with respect to the 
center-tap and are 180° out of phase 
^ with each other 

The voltage Ep is applied across the primary, and the 
secondary voltage Es appears across the entire secondary wind- 
ing or between the terminals A and C. What is the effect of 
the mid-tap B? Assuming that this tap is located at the 
electrical center of the secondary winding, then the total 
voltage Es is divided between the two halves of the winding 
— or between A-B and B-C. The induced voltage naturally 
appears across the entire winding — or all of the turns — hence, 
half of the voltage will be present across each half of the 
winding. 

If for the present we neglect the primary and consider the 
secondary alone, we find that when one end A of the second- 
ary is positive, the other end C of the secondary is negative 
and vice versa. ... In other words, the voltages at the two 




GENERAL REVIEW 


17 


ends of the winding are 180® out of phase. Now, when 
point A is positive, it is with respect to the center-tap B and 
when C is negative, it is also with respect to B. In other 
words, the center- tap B can be said to be of neutral polarity 
and the two ends change in polarity around the center-tap B. 
The net result is that the voltage present across the top half 
of the winding is 180° out of phase with the voltage across 
the bottom half of the secondary winding. As you will see 
later, this is an important consideration in the operation of 
discriminator circuits. 


Capacity in A-C Circuits. 

We have seen how in an inductive circuit, the current lags 
the impressed voltage by 90°. In the 'Case of capacitive cir- 
cuits, the current leads the voltage by 90°. While we do not 
intend to go into the subject in a quantitative manner, it will. 


Fig. 17. An a-c generator E connected in series 
with a condenser C. The current is designated as I 



nevertheless, be instructive to consider briefly the relation be- 
tween the voltage and current when a condenser is used in an 
a-c circuit. 

Suppose, then, that we consider a simple circuit; see Fig. 
17. A sine-wave alternating voltage E is applied to the con- 
denser C. As a result of the nature of the applied voltage, 
the condenser will be charged alternately positive and nega- 
tive. If we plot the charge on the plates of the condenser, 
the representation will be a sine wave since the voltage ap- 
plied is sine. In other words, the instant the voltage is 
greatest in the negative direction — the charge on the con- 
denser is greatest in the negative direction. . . . The instant 
that the voltage is greatest in the positive direction — the 
charge on the condenser is also greatest in the positive 
direction. In other words, the charge and the voltage have 
the same phase. 

Now, if we bear in mind that the flow of current in a cir- 
cuit depends upon the rate of movement of electric charges 
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(electrons) in the circuit, then it is quite simple to determine 
the phase relation between the current and the charge on the 
condenser. In Fig. 1 8 we show a sine- wave curve illustrating 
the charge on the condenser. From this curve we can estab- 
lish the variation of the current in the circuit. 

At point 1 in Fig. 18 the charge is greatest and negative, 
and for the instant is not moving — consequently, the current 
is zero and this corresponds to point 1 in Fig. 19. At point 2 
in Fig. 18, the charge is passing through the zero point and 

The charge on C in Fig. 17 
follows the sine-wave varia- 
tion of the voltage, see Fig. 
18: the positive and negative 
peaks of charge occur at the 
same instant as the voltage 
peaks. The current in Fig. 
17 follows a sine-wave varia- 
tion, but its zero values oc- 
cur when the charge goes 
through its peak values as 
shown Fig. 19. In Fig. 20 
both voltage and current 
waves are plotted on the 
same axis, showing that the 
current I leads the voltage 
E by one-quarter cycle, or 
90° 

therefore is moving at the greatest rate of speed— which 
means that the current is greatest— and this corresponds to 
point 2 in Fig. 19. At point 3 in Fig. 18 the charge again 
is a maximum — this time in the positive direction, and again 
momentarily at rest — Whence, the current is again zero. This 
is indicated as point 3 in Fig. 19. At point 4 in Fig. 18 the 
charge is again moving at the fastest rate because it is pass- 
ing through the zero point — Whence, the current again has a 
peak value, as indicated by point 4 in Fig. 19. This relation 
continues as long as the voltage E (Fig. 17) is applied to the 
condenser C. 

If we show the relation between the current and voltage 
upon the same time axis — bearing in mind, as previously 
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stated, that the charge and the voltage are similarly identified 
— the two curves appear as illustrated in Fig. 20. As is evi- 
dent, the current passes through its zero value after having 
reached a maximum on the positive side, one-quarter cycle or 
90° ahead of the voltage; consequently, we can say that the 
current leads the voltage by one-quarter cycle or 90°. 

In the chapters which follow, use is made of the fact that 
the current through a condenser leads the voltage applied to 
the condenser. It might be well at this time to mention that 
we are not concerned with the actual magnitude of the cur- 
rent as illustrated in Figs. 19 and 20. We are interested 
primarily in the phase relation between the current and the 
voltage. 

With these few words we bring this review to a close. We 
of course realize that the various subjects dealt with are not 
covered in the fullest detail, but we are of the opinion that 
sufficient has been said to enable you to employ this review 
chapter in connection with what will follow in the remainder 
of this book. In the event that these review details are not 
sufficiently elaborate, you have recourse to any number of 
excellent text books devoted to basic circuit fundamentals, 
but we believe that you will find such further reference un- 
necessary. 



Chapter III 

THE DISCRIMINATOR 


W i STATED earlier in this book that an AFC 
system consists primarily of two major component 
circuits: the discriminator and the oscillator con- 
trol stage. We further stated that the function of the dis- 
criminator is to develop a control voltage of varying 
magnitude and polarity, in accordance with the degree of 
mistuning; this control voltage is applied to the oscillator 
control stage so as to correct for mistuning and establish the 
proper operating conditions. Since the oscillator control 
stage is the subject for another chapter, let us now consider 
the operation of the discriminator unit. 

Output of a Simple Rectifier. 

Inasmuch as the discriminator in an AFC system is essen- 
tially a rectifier circuit, let us examine the d-c voltage pro- 
duced by a simple rectifier which receives its voltage through 
a tuned circuit. Consider then the circuit shown in Fig. 21, 
wherein an ordinary i-f transformer is coupled to a diode 
rectifier. If the frequency to which the transformer is tuned 
is 465 kc and the input frequency is varied from, say, 455 kc 
to 475 kc, the rectified voltage (output) produced across 
the diode load resister Rl will vary as the result of the change 
in the signal input voltage. . . . Because of the selective 
properties of the primary and secondary windings of the 
transformer T, the greatest output voltage will be produced 
when the frequency of the input signal is the same as the 
frequency to which the transformer is tuned, namely, 465 
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kc. Naturally this is also the frequency at which the input 
voltage to the rectifier is a maximum. If the input frequency 
(this corresponds to the i-f signal) is varied on either side of 
465 kc, the value of d-c voltage output produced falls off 
and if we plot the rectified output voltage against the input 
frequency, we obtain the familiar resonance curve shown in 

Fig. 22. 

Let us examine this resonance curve from the point of view 
of determining whether the d-c voltage produced in this cir- 
cuit is suitable for actuating an oscillator control stage. At 
the present time we know very little, if anything, concerning 
this oscillator control stage, so that while the term is men- 



Flgs. 21, 22. In the simple tuned rectifier circuit of Fig. 21, the d-c 
voltage Edc developed across the diode load R is greatest at the resonant 
frequency of the tuned circuit, in this case 46 J kc. The curve of Fig. 22 
shows how Edc falls off on both sides of the resonant frequency 

tioned, we are concerned primarily with the nature of this 
rectified voltage. In this connection, we are interested 
especially in the polarity and magnitude of this voltage under 
varying conditions of input frequency. Referring to the 
curve, in Fig. 22, we note that a simple circuit of this type 
makes no distinction between frequencies which are above or 
below the resonant frequency by equal amounts. If we apply 
this illustration to the case in which the circuit is fed by an 
i-f amplifier, the polarity of the output voltage Edc of the 
rectifier remains the same regardless of whether the i-f signal 
is above, below, or at the i-f peak of the receiver. Conse- 
quently the circuit of Fig. 2 1 is not suited for controlling the 
oscillator frequency. 
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As a matter of fact, by tuning the transformer in Fig. 21 to a fre- 
quency below or above the i-f peak, this circuit can be used to provide 
an AFC control voltage. For in this case, only one sloping side of the 
resonance curve is used with the result that a suitable control voltage 
is produced. This type of discriminator is not used because the value 
of control voltage produced when the receiver is correctly tuned de- 
pends upon the strength of the signal. Such a condition is, of course, 
undesirable, because the frequency of the oscillator would in turn be 
made dependent upon the strength of the signal being received. 

The Double Tuned Circuit Discriminator. 

How can we arrange a rectifier system which will develop 
rectified voltages of different polarity under the conditions 
named? A discriminator circuit which overcomes the dif- 
ficulty experienced with the simple rectifier is shown in Fig. 
23. This circuit, unlike that in Fig. 21, makes use of two 



Fig. 23. This discrimi- 
nator circuit has two 
staggered tuned circuits, 
one peaked above and one 
below the i-f peak by the 
same amount. The diode 
circuits are arranged so 
that the rectified voltages 
across R1 and R2 oppose 
each other 


tuned input circuits, one of which is tuned to a frequency 
above the i-f peak and the other of which is tuned to a fre- 
quency below the i-f peak by the same amount. These two 
tuned circuits T2 and T3 are coupled to the primary tuned 
circuit Tl which, as the figure indicates, is located sym- 
metrically between the two secondary windings. How does 
the introduction of these two tuned circuits provide a means 
of discriminating between frequencies which are below the 
i-f peak and those which are above the i-f peak? Let us see. 

The first pertinent item to note is the manner in which 
the two diodes are connected. Note that each diode has its 
own input winding and that each diode is independent of the 
other. That is to say, each diode is a complete rectifying 
system by itself. Another significant fact is that the two 
diodes are so connected that when a d-c voltage appears 
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across Rl and another voltage across R2, as a result of recti- 
fications, these two voltages are of such polarity as to buck 
each other. This becomes evident when you realize that the 
two cathodes represent the limits of the load circuits and that 
the two positive ends of the load resistors are joined together. 

Assuming the application of a signal voltage to each of 
the diodes, let us investigate what happens across the two 
load resistors. If the signal voltage applied to the two diodes 
is the same in magnitude, then similar values of rectified 
voltage will appear across Rl and R2. Being connected so 
that the two voltages buck each other, the net voltage across 
the complete circuit is zero, and point P is at the same 
potential as ground. (Note that this conforms with the ar- 
rangement shown in Fig. 7 in the preceding chapter.) 

Now, let us suppose that as a result of the amplitude of the 
signal voltage applied to the two tuned circuits, the voltage 
across Rl is 20 volts and that across R2 is 8 volts, both 
figures being purely illustrative. Just how and why such a 
variation is created in the input system so that this difference 
in output rectified voltages exists, is of no consequence at this 
time. All we are concerned with is the voltage across the 
diode load resistors. In accordance with what was said in 
connection with Figs. 8 and 9, a differential voltage of 12 
volts then exists between ground and point P, with the latter 
12 volts negative with respect to ground. 

Let us now assume a different condition. As the conse- 
quence of the signal input to the diodes, the rectified d-c 
voltage across Rl is assumed to be 8 volts and that across R2, 
20 volts. . . . (This is similar to the condition shown in 
connection with Fig. 9.) Because of the relative values and 
polarities, the net voltage again is 12 volts, but this time, the 
final voltage at P is positive with respect to ground. . . . 
In this case the final voltage assumes the polarity of the 
voltage across R2, because the latter is the greater of the two 
voltages which are combined. . . . What have we now? 

. . . Essentially, a means of securing d-c control voltages of 
a polarity which depends upon the relative amplitudes of the 
signal voltages applied to two differentially connected diodes. 
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To analyze the action which takes place in this circuit in 
a more detailed manner we shall take the specific case in 
which this discriminator is coupled to the i-f amplifier of a 
receiver peaked at 465 kc. Furthermore, we shall assume 
that the upper secondary winding is tuned to 470 kc, while 
the lower secondary winding is tuned to 460 kc. In other 
words, the two secondary circuits are tuned respectively 5 
kc above and below the i-f peak. It will simplify matters 
if we sketch roughly the frequency response of the two 
secondary windings. This is done in Fig. 24. Naturally 
enough, the maximum voltage is induced in the upper tuned 
circuit when the signal frequency coming through the i-f 
amplifier is 470 kc, while the maximum voltage is induced 
in the lower tuned circuit when the signal frequency is 460 
kc. On either side of the two resonant frequencies the voltage 
across the two secondary circuits falls off, as the figure shows. 
Thus we have the variation in input signal voltages which is 
required to produce the different values of rectified output 
voltage. 

Continuing, we find that the rectified voltage produced 
across the diode load resistors follows the same variation as 
the i-f voltage across the two tuned circuits. However, be- 
cause of the differential manner in which the circuit is con- 
nected in Fig. 23, the voltages are opposite in polarity and, 
as has been stated, the net voltage produced at the high end 
of Rl (point P) with respect to ground is equal to the dif- 
ference between the voltage across Rl and that across R2. 

In view of the fact that the voltages across Rl and R2 
are opposite in sign, we can represent the individual voltages 
produced across Rl and R2 by the two curves shown in Fig. 
25. For any given frequency which is represented along the 
horizontal axis, the corresponding d-c voltage produced across 
R2 is represented by the solid-line curve, while the d-c voltage 
developed across Rl is represented by the dotted-line curve. 
The former is shown above the axis because the voltage across 
R2 is positive, while that across Rl is negative and is shown 
below the horizontal axis. 

But we are interested in the net voltage with respect to 
ground which is produced across Rl and R2 combined. This 



THE DISCRIMINATOR 


25 

voltage we can find very simply by taking the sum of the 
two individual voltages of Fig. 25. In other words if we 
wish to find the voltage between point P and ground (Fig. 
23) for any one value of input frequency, then it is only 
necessary to combine the voltages which exist across R1 and 



Fig. 24. The frequency response curves of T2 and T3, Fig. 23, show that 
maximum voltage is induced at 470 kc and 460 kc respectively. These i-f 
voltages are induced in the secondaries because of the coupling between the 
several windings 

Fig. 2J. Because the diodes are differentially connected, the voltage across 
R1 is always negative and that across R2 is always positive. Note that 
these curves follow those of Fig. 24, except for the change in polarity 
occuring during rectification 

R2 for that particular frequency. This has been done in 
Fig. 26, and the result is an S-shaped curve which is charac- 
teristic of all types of discriminator circuits. 

Effect of Staggered Tuned Circuits. 

It might be well to comment upon just how this S-shaped 
characteristic is produced. Let us assume a variable frequency 
input to Tl over a range of from 450 to 480 kc. Between 
450 kc and 460 kc, (in Fig. 25) the presence of the circuit 
T2, which is tuned to 470 kc, has practically no effect on the 
net voltage as shown in Fig. 26, because as Fig. 25 shows, 
practically no rectified voltage is produced across Rl. This 
part of the S-shaped curve is therefore essentially the left 
hand side of the solid-line resonance curve in Fig. 25. 

However, as the input frequency to Tl is increased above 
460 kc, voltage begins to appear across Rl and at the same 
time the voltage produced across R2 begins to decrease, be- 
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cause the applied frequency is moving further away from the 
resonant frequency of T3. As a result of this decrease in 
positive voltage across R2 and the increase in the negative 
voltage across Rl, a point is reached midway between the 
two resonant frequencies of T2 and T3, that is at 465 kc, 
where the voltage across Rl becomes equal to the voltage 
across R2. This will be clear to you from an examination of 
Fig. 25. At this frequency the net voltage produced across 
the combined load resistance is zero, as shown in Fig. 26. In 



Fig. 26. This S*shaped curve represents 
the combined voltage across Rl and R2 
and is obtained by combining for each fre- 
quency the separate voltages across Rl 
and R2, Fig. 25. Note that at 465 kc the 
control voltage is zero, due to the cancel- 
ling of the voltages across Rl and R2 
shown in the inset, Fig. 26B 


Other words, at a frequency midway between the two stag- 
gered frequencies of the secondary windings, which frequency 
is also equal to the correct i-f peak of the receiver, the net 
control voltage or AFC voltage is zero. 

In a similar manner, if we combine the voltages across 
Rl and R2 for frequencies between 465 kc and 480 kc, as 
shown in Fig. 25, then we arrive at the lower half of the 
S-shaped curve shown in Fig. 26. You will note that the 
variation of the net control voltage is essentially the same 
both sides of the correct i-f peak. This is to be expected 
because the individual resonance curves (Figs. 24 and 25) are 
quite symmetrical. 

A question now arises: is the control voltage across Rl 
and R2, that is between point P and ground (Fig. 26-B), 
suitable for the purpose we have in mind? The answer to 
this question depends, of course, upon the nature of the 
agent which is going to control the oscillator frequency and 
so we must defer the complete answer to this question to the 
next chapter. However, we can see in general that the 
voltage produced by this differential rectifier circuit shows 
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excellent possibilities for use as an oscillator control voltage. 
For one thing it produces zero control voltage when the signal 
coining through the i-f amplifier is exactly at the i-f peak. 
In other words, when the receiver is in perfect tune, no con- 
trol voltage is generated (between P and G in Fig. 26 -B) and 
therefore the oscillator is not disturbed. ... So far so 
good. . . . Another point in favor of this circuit is that 
because of the differential action, the voltage remains zero 
as long as the receiver is in tune regardless of the strength of 
the incoming signal. This, of course, is very desirable, as 
otherwise the oscillator frequency would be dependent upon 
the strength of the received signal. 

In addition to producing zero control voltage when the 
receiver is in perfect tune, the circuit also distinguishes be- 
tween a signal which comes through the i-f amplifier at a 
frequency below the i-f peak and one which comes through 
the i-f amplifier above the i-f peak. It does this, as you can 
see from Fig. 26 , by producing a positive control voltage 
in the one case and a negative control voltage in the other. 
Furthermore, the magnitude of the control voltage depends 
upon the extent to which the signal frequency departs from 
the correct value. As Fig. 26 shows, the greater the degree 
of mistuning, that is, the greater the deviation of the signal 
Input from the correct value of the i-f peak, — the greater 
is the amount of control voltage produced. 

We have explained the manner in which this circuit operates 
not so much because you will have occasion to work on 
similar circuits, but rather because the circuit is by far the 
easiest of discriminator circuits to comprehend. It has not 
found wide application in commercial receivers because, as 
we shall see later on, other circuits are available which pro- 
duce essentially the same results and which have certain 
other advantages. Nevertheless, it is important that you 
understand how the above circuit operates; the more com- 
plicated discriminator circuits, which we are to discuss in this 
chapter, embody the same fundamental principles but are 
more difficult to understand because of certain phase relations 
which are involved in their operation. 
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The **Center-Tapped Secondary** Discriminator. 

We have just discussed the discriminator circuit which 
makes use of two staggered tuned circuits and differentially 
connected rectifiers in order to obtain a control voltage suit- 
able for AFC purposes. We mentioned the fact that this 
circuit has received only a very limited application and has 
been displaced by other types of discriminators. Let us now 
consider the basic discriminator circuit used in practically all 
receivers employing AFC. 

This basic discriminator circuit is shown in Fig. 27. The 
most striking thing about this circuit is that it does away 



Fig. 27. The basic discriminator circuit. Note that the transformer has 
a center-tapped secondary L2 and L3 instead of the two tuned circuits 
heretofore discussed 


with the use of two tuned circuits in the secondary of the 
discriminator transformer and instead makes use of a trans- 
former with a center-tapped secondary. 

To begin with, certain pertinent facts must be mentioned. 
If you examine Fig. 27 and for the moment neglect all of 
the components to the left of the two diodes, including the 
choke L and consider these two diodes as sources of d-c 
voltage — ^you will note that the resistance network remaining 
is very similar to that shown in Fig. 23, and also similar to 
Fig. 10. 

As to the elements to the left of the two diodes, another 
item of interest is the transformer. As you can see, it con- 
sists of a tuned primary Ll and a tuned center-tapped 
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secondary L2-L3. Coupling between the primary and second- 
ary is accomplished in two ways. One is inductively by 
locating the primary and secondary fairly close together, and 
the second is capacitively through the condenser C which 
offers a low reactance (or opposition) path to the i-f signal. 

Because of the nature of the coupling between the primary 
and secondary windings, the final signal voltage applied to 
the rectifier network can be considered as consisting of two 
parts. One part is the capacity coupled voltage and the other 
part is the inductively coupled voltage. With this much in 
back of us, we are ready to examine more critically the re- 
lation between the various signal voltages present in the 
system. The most convenient starting point is the signal 
voltage which appears across the tuned primary Ll and is 
designated as El in Fig. 27. Since the windings Ll, L2 and 
L3 comprise an ordinary transformer, we can compare El 
with the primary voltage referred to in the various trans- 
former illustrations shown in the review chapter. 

As a result of the inductive coupling between the primary 
Ll and the secondary L2 and L3, a voltage appears across 
each half of the secondary winding, in accordance with normal 
transformer operation. However, in analyzing the action 
which takes place in this tuned transformer circuit you must 
distinguish carefully between the voltage which is induced in 
the secondary winding of the transformer and that which is 
actually developed across the secondary winding. As we 
explained in connection with the basic action which takes 
place in a transformer, the current in the primary winding 
sets up a magnetic flux which links the secondary circuit, 
and which, because it is an alternating or changing flux, in- 
duces a voltage in the secondary winding. This voltage, 
however, is not the actual voltage which is developed across 
the secondary winding, but is in fact considerably different 
from the voltage developed across the terminals of the second- 
ary winding. 

What takes place in the circuit is this: The voltage induced 
in the secondary winding causes a current to flow in the 
secondary tuned circuit. As a result of this current, a voltage 
is developed across each half of the secondary winding. It 
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is this voltage drop which we have designated as E2 and E3 
and which is responsible for the discriminator action. In this 
connection, you should note that whereas the voltage induced 
in the secondary winding is always 180“ out of phase with 
the voltage across the primary winding, and maintains this 
fixed phase relation irrespective of the frequency of the 
applied signal, the voltages E2 and E3 vary in phase de- 
pending upon whether the signal frequency is above or be- 
low the resonant frequency of the secondary tuned circuit. 
As we shall see later, it is this phase change which makes it 
possible for the discriminator to function. 

The other part of the signal voltage transferred from the 
primary to the rectifier network is that fed to the network 
through the coupling capacity C. Of greatest importance in 
this connection is the fact that the voltage El across the 
primary Ll is capacitively coupled to the choke L so that the 
primary voltage El appears across the choke L. This voltage 
bears the same designation as the primary voltage. If you ex- 
amine Fig. 27 and check the position of the choke L, you will 
find that it has a dual function. Basically, it is a part of the 
rectifier network because it constitutes the return path be- 
tween the input and output circuits of each rectifier. At the 
same time, as far as the signal voltage is concerned, it is 
connected across the primary Ll. The condensers C, C2, 
and C3 provide the proper path for the signal currents so 
that L is effectively shunted across Ll and the voltage across 
Ll is transferred to the choke L. 

We now have three voltages present in the rectifier net- 
work — although it is true that of these three voltages, E2 
and E3 comprise one part, and El the other part. What is 
the relation between these voltages? 

Breakdown of the Differential Rectifier Circuit. 

To clarify the manner in which El is related to E2 and 
E3, we shall break down the circuit into its two independent 
parts, each of which incorporates a diode element. The path 
which the current takes through the upper diode Dl is 
shown in Fig. 28, while the path of the current through the 
lower diode D2 is shown in Fig. 29. Note that what we 
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have done in Figs. 28 and 29 is to show that the voltage El 
across L is in series with the voltage across the upper half of 
the center-tapped secondary and similarly that El is in 
series with E3, the voltage across the lower half of the center- 
tapped secondary. In the case of the upper diode, the i-f 
voltage applied to the rectifier is equal to El combined with 
E2, while in the case of the lower diode, the i-f voltage ap- 
plied to the rectifier is equal to El combined with E3. 

In analyzing the operation of the circuit of Fig. 27 it is 
convenient to consider it as being equivalent to the circuit 
shown in Fig. 30. This is nothing more or less than a com- 
bination of the two circuits shown in Figs. 28 and 29, which 



Figs. 28, 29, and 30. The discriminator circuit of Fig. 27 can be broken 
down into those shown in Figs. 28 and 29. The arrows indicate the path 
of the current through the diode circuits. Fig. 30 is a combination of the 
circuits at the left 


inspection will show you is equivalent to Fig. 27. The bal- 
anced nature of the circuit, with particular emphasis upon the 
voltage El across the choke L, is strikingly evident in the 
simplified diagram of Fig. 30. 

Referring to Figs. 27 and 30, you can see that the voltage 
which acts upon diode Dl and which after rectification is 
the d-c voltage across Rl, is E2 -f- El; further, that the volt- 
age which acts upon diode D2 and which after rectification 
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is the d-c voltage across R2, is E3 El. From this you can 
gather that when E2 =: E3, then E2 -}- El — E3 -f- El. Under 
this condition the d-c voltage produced across Rl is equal 
to the d-c voltage produced across R2. If this voltage is, for 
example, equal to 10 volts, then as a result of rectification in 
the lower diode, point B (Fig. 27) will be negative with 
respect to ground by 10 volts, while point A will be positive 
with respect to point B by 10 volts. Since the two voltages 
are of opposite polarity and equal, they cancel each other so 
that no net control voltage is produced and the voltage differ- 
ence between A and ground is therefore zero. 

Importance of Phase Shift. 

At first glance, it might appear that this cancellation would 
take place regardless of the frequency of the signal voltage. 
This would appear so because the value of E2 must be equal 
to E3 due to the symmetry of the circuit and because the 
voltage El is common to both diode circuits. Why, then, 
should not El+E2=:E1+E3 and zero voltage be produced 
across the combined diode loads for all values of signal fre- 



Fig. 31. This circuit is the same basic discriminator circuit shown in Fig. 
27 and is reproduced here for convenience in following the text 

quency? The answer to this question depends upon a con- 
sideration of the phase relations between the voltages El, E2, 
and E3. While it is true that E2 is equal to E3, £2 and E3 do 
not have the same phase. In fact, they are opposite in phase, 
because at the instant that one end of the secondary is positive 
with respect to the center tap, the other end is negative with 
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respect to the same point. E2 and E3 are, therefore, exactly 
180° out of phase with each other. This you will remember 
is in accord with what was said about transformers in the 
review chapter. 

When examining the phase relations in the circuit it is 
necessary to specify the frequency of the signal applied to 
the discriminator. As we shall see, three possible conditions 
may exist: (1) the input signal frequency may be the same 
as the resonant frequency to which the secondary of the 
transformer is tuned; (2) it may be higher than the resonant 
frequency; or (3) it may be lower than the resonant fre- 
quency of the transformer secondary. 

In examining these phase relations, a satisfactory starting 
point is the primary voltage El in Fig. 31. As you can see, 
Fig. 31 is the same as Fig. 27 and the schematic is duplicated 
here to simplify reading. As has already been stated, the 
voltage El across the choke L is the same as the voltage across 
the primary, and this is so with respect to both phase and 
magnitude. The next point of interest is the current through 
LI. Since the current through an inductance lags the voltage 
across the inductance, we can represent Ip as being 90 de- 
grees behind El. This is done in Fig. 32 with an arbitrary 

Fig. 32. The phase relations 
between the primary voltage 
and current, El and Ip re- 
spectively, and the induced 
secondary voltage Es. These 
phase relations hold true re- 
gardless of the value of the 
input frequency 

value for the magnitude of Ip. We now shift our attention 
to the secondary circuit. 

We know that the current Ip flowing through Ll produces 
a magnetic field around this winding and that this field is 
in phase with the primary current. Because of the coupling 
between the two windings, this field links the secondary and 
induces a voltage in the secondary of the transformer. For 
the sake of simplicity let us identify this induced voltage as 
Es, although it is not indicated upon the schematic in Fig. 31. 
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Bear in mind that this induced voltage Es is not to be con- 
fused with the voltages E2 and E3 appearing across the 
secondary in Fig. 31. The voltages E2 and E3 are not the 
voltages induced by the changing flux created by Ip flowing 
through Ll. 

The voltage Es, which is induced in the secondary by the 
changing flux, has the same phase as the counter-emf de- 
veloped across the primary, as stated in the review chapter. 
. . . Since this counter-emf is 180° out of phase with the 
impressed or applied voltage El, it follows that the voltage 
Es, which is induced by the same flux, is 180° out of phase 
with the primary voltage and is so shown in Fig. 32. Once 
more the amplitude of this secondary voltage is arbitrarily 
set at the value shown. This takes care of the phase relations 
between the primary voltage and the induced secondary 
voltage. 

/.F. at Correct Value. 

Up to this point we have not had to say anything about 
the frequency of the applied signal voltage. In order to 
analyze the phase of the voltages in the secondary circuit, 
we shall take first the simple case where the secondary cir- 
cuit is tuned to resonance with the signal frequency. This 
statement establishes the existence of a definite condition, 
namely, that the capacitive reactance in the tuned secondary 
circuit equals the inductive reactance. Being equal and of 
opposite sign, they cancel and the only opposition to the 
flow of current in the circuit is that of its resistance, 

With this in mind it follows that the voltage Es induced 
in the secondary causes the flow of a secondary current Is, 
which is in phase with the induced voltage. Taking arbitrary 
values for the induced voltage Es and the resultant current 
Is, we show them in phase in Fig. 33. Now this circulating 
current Is develops a signal voltage across the secondary wind- 
ing, which voltage, because of the resonant state, may be 
many times greater than the induced voltage. Furthermore, 
in accordance with the usual phase relation between current 
and voltage in an inductance, this voltage across the coil 
leads the current Is flowing through the coil by 90°. The 
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voltage which is thus developed across the secondary winding 
is designated as E2 and E3, and is divided equally between the 
two halves of the winding. The sum of these two voltages 
is the total voltage developed across the secondary as a result 
of the circulating current, and, as we explained in the review 
chapter, these two voltages are 180° out of phase. In other 
words, when the upper end of the center-tapped secondary is 
positive with respect to the center-tap, the lower end is nega- 
tive by an equal amount, and vice versa. 

The phase relations which have thus far been explained 
are summarized by the diagram shown in Fig. 33. Note that 
Es has been taken as the reference voltage and that Is is 
shown in phase with Es. E2 and E3 are shown as respectively 
leading and lagging Es by 90° and are, of course, 180° out 
of phase with each other. 

Up to this point we have established the phase rtelatioji 
between E2, and E3, and the induced secondary voltage Es. 

. . . What about the relation between E2, E3, and El, the 
primary voltage which also appears across the choke L in 
Fig. 3 1 and is the other part of the total signal voltage present 



Figs. 33 to 36. The important phase relations existing in the discriminator 
circuit of Fig. 31 for the case where the input signal is at the resonant 
frequency of the secondary tuned circuit, i.e., the i-f peak 


in the rectifier network? ... We have shown that the signal 
voltages E2 and E3 lead and lag, respectively, the induced 
voltage Es, by 90°. As to the primary voltage, El, we 
know that this is 180° out of phase with the induced 
secondary voltage Es. Therefore, in Fig. 34 we show El as 
being 180° out of phase with Es (see Fig. 33). Now, if we 
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locate E2 and E3, exactly as they are in Fig. 33 upon Fig. 34, 
we find that whereas E2 is 90° ahead of the induced secondary 
voltage Es, it now is 90° behind the primary voltage El. . . . 
Also that whereas E3 lags Es by 90° in Fig. 33, it now leads 
El by 90°, as shown in Fig. 34. Note that in Fig. 34, the 
positive peak of E3 occurs 90° ahead of El, whereas the posi- 
tive peak of E2 occurs 90° later than that of El. 

If we now separate Fig. 34 into its two component parts 
showing E2 lagging El and showing E3 leading El by 90° 
respectively, as illustrated in Figs. 3 5 and 3 6, and establish the 
sum of these two pairs of voltages, we find that the sum of 
E2 -}- El equals the sum of E3 El. The net result is that 
the signal voltages applied to the two diodes are equal and 
the rectified voltages appearing across Rl and R2 (Fig. 31) 
are the same, therefore the net control voltage developed 
between ground and point A is zero. In other words, at exact 
resonance, when the i-f signal is of the same frequency as 
that to which the discriminator is tuned, the net control 
voltage developed is zero. 

I.F. High 

What happens when the i-f signal is of a higher frequency 
than that to which the secondary circuit is tuned? A number 
of conditions remain as before and a number change. . . . 
What remains and what changes? . . . The phase relation 
between the primary voltage El and the primary current Ip 
remains as before. ... In addition the voltage El across the 
choke L is still the same as the primary voltage El. . . . Fur- 
thermore, the induced secondary voltage Es remains 180° out 
of phase with the primary voltage El, so that the phase rela- 
tions shown in Fig. 32 also apply when the signal frequency is 
higher than the resonant frequency of the secondary circuit. 

In the secondary circuit, we find that an important change 
takes place. Since the circuit is off resonance, the current is 
no longer limited solely by the resistance of the circuit. Inas- 
much as the signal frequency is higher than the resonant 
frequency of the circuit, the circuit behaves as if it were 
inductive, because under such conditions, the inductive re- 
actance predominates. ... A portion of the total inductive 
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reactance offsets the capacitive reactance and the remainder, 
in conjunction with the resistance, tends to limit the 
secondary current Is which flows in response to the induced 
voltage Es. . . . 

As the consequence of this condition, the secondary current 
Is lags behind the induced voltage Es. ... (If you remember, 
the secondary current Is and the induced secondary voltage 
Es were in phase when exact resonance obtained. This was 
shown in Fig. 33.) As a result of this phase lag, which we 
shall arbitrarily set at 45°, the phase relation between Es and 
Is as shown in Fig. 33, now becomes like that shown in 
Fig. 37, wherein Is lags Es by 45°. Now, the voltage de- 
veloped across the secondary winding and in response to the 
secondary current Is, is the voltage E2 and the voltage E3. 
Just as in the case of perfect resonance, the voltage E2 leads 
Is by 90°. Since the voltage E3 is 180° out of phase with 
E2, it follows that E3 lags the current Is by 90°. All of this 
is shown in Fig. 37. 



Figs. 37 to 40. The phase relations of the discriminator circuit of Fig. 
31 for the case where the input signal is higher than the resonant fre- 
quency of the secondary tuned circuit, i.e., higher than the i-f peak 


We now are ready to establish the phase relation between 
the three signal voltages in the rectifier network, namely, El, 
E2, and E3. We know that El is 180° out of phase with Es. 
We further know that E2 and E3 are 180° out of phase with 
each other. . . . What must be done is to establish the phase 
relation between E2 and El, and E3 and El. ... In the case 
of perfect resonance, if you recall, the secondary current Is 
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was in phase with the induced voltage and consequently 180° 
out of phase with the voltage El. At the same time, the 
lead between E2 and Is was 90° and the lag between E3 and 
Is was 90°. Since Is was 180° out of phase with El, the 
result was that E2 was behind El by 90° and E3 was ahead 
of El by 90°. . . . However, for the oflf-resonance condition 
being considered in this paragraph. Is is not in phase with Es. 
Instead, it lags Es by 45°. Consequently, E2 lags El by 
13 5° and E3 leads El by 45°. This is shown in Fig. 38. . . . 

If we now break down Fig. 38 into its two component 
values of El and E2, and El and E3, bearing in mind the 
phase relations stated, we develop the two graphic representa- 
tions shown in Figs. 39 and 40 and it is possible to establish 
the sum of El and El -|-E3. ... As you no doubt 

have noted E2 and E3 are of like magnitude, but the reason 
that the sum of E2 and El does not equal the sum of E3 and 
El is that the phase relation between E2 and El is not the 
same as the phase relation between E3 and El. 

As is evident, the sum of E3 and El is greater than E2 and 
El, so that a greater signal voltage is applied to the lower 
diode and a greater rectified voltage will appear across resistor 
R2 than across Rl, with the result that the net control 
voltage available between point A and ground will be negative. 

It is interesting to assign relative values to the various 
voltages which have been represented graphically in the pre- 
ceding figures. If each square is taken to represent 10 volts, 
then it turns out that in the case of exact resonance the 
peak signal voltage El E2 is equal to 58 volts and that 
El +E3 is also equal to 5 8 volts. As we previously saw in 
this case the net AFC control voltage produced is zero since 
the two rectified diode voltages cancel each other. 

In the example which we just finished discussing where the 
frequency of the signal voltage was suflSciently high above 
resonance to shift the phase of the secondary current Is by 
an amount equal to 45 degrees, reference to the curves in 
Figs. 39 and 40 will show you that the peak signal voltages 
are no longer equal. On the contrary, if we apply the same 
scale of voltage, you can readily see that El -j- E2 has de- 
creased to 36 volts whereas El -f- E3 has risen to 74 volts. 
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The AFC voltage produced in this case is then determined 
by the difference between these two voltages and is conse- 
quently equal to approximately 3 8 volts. Actually the 
available d-c control voltage will be somewhat different from 
this since we have been measuring peak values of signal volt- 
age to the diodes rather than the rectified voltages; never- 
theless the principle should be quite clear. 

Note that we have arbitrarily taken the case where the 
phase of the secondary current Is is 45° different from that 
of the secondary voltage Es. Actually this phase may be 
anything from zero degrees to almost 90°, depending entirely 
upon the frequency of the applied signal voltage. When the 
signal is at the resonant frequency of the secondary, the phase 
difference is of course zero (see Fig. 33) and as the fre- 
quency of the signal increases above resonance. Is continues 
to lag in phase behind Es. From a study of the phase dia- 
grams it should be apparent to you how this phase shift be- 
tween Is and Es makes possible the action of the discriminator. 

IF. Low. 

Let us now consider the case where the frequency of the 
signal is lower than the resonant frequency of the secondary 
tuned circuit of the discriminator transformer. This cor- 
responds, as you know, to the condition where the oscillator 
frequency in the superheterodyne is too low and must be 
raised so as to insure proper tuning. In considering this 
case we need not investigate the primary voltage El, the choke 
voltage El, or the secondary voltage Es since we have previ- 
ously seen that these voltages remain the same regardless of 
the frequency of the input signal. 

As before, the first change takes place in the secondary 
circuit with reference to the current Is. Since the frequency 
of the signal is below the resonant frequency of the secondary, 
the capacitive reactance exceeds the inductive reactance and 
Is is thus limited by the capacitive reactance in combination 
with the resistance in the secondary tuned circuit. As in any 
capacitive circuit, the current leads the voltage, and so we 
have shown the current Is leading the voltage Es by 45° in 
Fig. 41. 
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This current Is develops the voltages E2 and E3 across the 
two halves of the secondary winding, and as in each of the 
two previous cases, E2 leads Is by 90° and E3 lags Is by 90°. 
These two voltages are also represented in their proper phase 
relation to Is in Fig. 41. In Fig. 42 the three voltages El, 
E2, and E3 present in the rectifier network are shown by 
themselves. You will recall that this diagram is obtained 
from that of Fig. 41 by keeping in mind that El is 180° 
out of phase with Es. 

To find the magnitude of the AFC voltage which will be 
produced for this case, we must again investigate the sum 
of El +E2 and El -f-E3. In Figs. 43 and 44, we arrive at 
the result that El +E3 is appreciably less than El -j- E2. 



Figs. 41 to 44. The phase relations existing in the discriminator circuit 
of Fig. 31 for the case where the input signal is lower than the resonant 
frequency of the secondary tuned circuit, i.e., lower than the i-f peak 


If we compare the magnitudes of these resultant voltages, 
then it is evident that for the units we have assigned, 
El -f- E2 is equal to 74 volts, while El -|- E3 is equal to only 
36 volts. You should note especially that this case is in 
direct contrast to the case where the signal was higher than 
the resonant frequency. In the latter case El + E3 was 
greater than El -f~ E2 while in this case with the signal fre- 
quency below the resonant frequency, the exact reverse holds 
true. If we interpret this in terms of the control voltage 
produced across the diode load, then it is apparent that for 
the signal frequency below the resonant frequency, the rec- 
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tified voltage across R1 will be greater than that across R2, 
so that a net positive control voltage is produced. Subtract- 
ing the two signal voltages from each other, we obtain a 
value of 38 volts as a measure of the positive control voltage 
produced under this condition- You will observe that for 
the same degree of detuning on the other side of resonance, 
a negative value of 38 volts is produced. 

If we were to trace out the values of control voltages pro- 
duced for different degrees of detuning, then we should arrive 
at the familiar S-shaped discriminator characteristic shown 
in Fig. 26. However, we have considered the three represen- 
tative cases, where the signal is at the resonant frequency, 
above the resonant frequency, and below the resonant fre- 
quency and for intermediate values of signal frequency the 
action is basically the same, except that the secondary current 
will lag or lead by a varying number of degrees depending 
upon the frequency of the signal. For any value of signal 
frequency, the S-shaped curve in Fig. 26 can be used to pre- 
dict the value of control voltage which will be produced. 

Importance of Secondary Tuning. 

From our discussion of this type of discriminator you are 
in a position to understand the importance of the correct 
adjustment of the secondary tuning of the discriminator 
transformer and the part that this plays in determining the 
operation of the entire system. In the final analysis it is the 
tuning of this secondary which determines the polarity 
and magnitude of the control voltage developed by the entire 
discriminator system. On the other hand, the tuning of the 
primary of this transformer is of relative unimportance, since 
if you check back over the operation of the system, you will 
see that the phase of the voltages involved is unaffected by 
the tuning of the primary winding. 

Of course, we do not mean that the primary winding does 
not have to be tuned properly to the signal. While it is true 
that the primary winding does not affect the phase of the 
currents and voltages induced in the balanced rectifier net- 
work of the discriminator, it does affect the magnitude of the 
voltage fed to the discriminator and in this way improper 
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tuning of the primary winding will reduce the voltage which 
reaches the discriminator tube. However, the primary tuning 
is hardly more critical than the usual i-f trimmer adjust- 
ment and, by comparison with the secondary trimmer, is com- 
paratively simple to adjust. It should be emphasized that it is 
the secondary trimmer which controls the frequency of zero 
voltage output on the S-shaped discriminator curve, while it 
is the primary trimmer which determines the amplitude of 
the two peaks of the S-shaped curve as well as the symmetry 
of the AFC control. These points are discussed in more detail 
in the chapter on the alignment of AFC circuits. 

Discriminator without I-F Choke. 

The discriminator circuit shown in Fig. 45 makes use of the 
same basic circuit which has just been described but with 



Fig. 45. This form of discriminator circuit is similar in operation to that 
shown in Fig. 31. The omission of the by-pass condenser at the junction 
of Rl and R2 makes it possible to eliminate an i-f choke for coupling the 
voltage El into the diode circuit 

several minor changes. Of primary interest is the fact that 
the i-f choke L, shown in Fig. 27, is omitted in Fig. 45 and 
but one condenser is connected across the load resistor, and 
in a different manner. 

In the light of the discussion concerning the previous type 
of discriminator system, we can readily analyze the manner 
in which the circuit of Fig. 45 operates. The essential point 
of departure is that the voltage El, which appears across the 
primary circuit of the transformer, is transferred across the 
two load resistors Rl and R2, as a result of the absence of 
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the previously used by-pass condenser at the junction of R1 
and R2. Just how this is done will be described in the 
following paragraph. 

If you examine the circuit of Fig. 45 , you will find that as 
far as the i-f current and voltage are concerned, one end of 
the primary winding which is the source of the primary volt- 
age El, is connected to ground through a condenser C3. 
Further examination discloses that as a result of the lead 
which joins condenser C to the top of the load resistor R2, 
this resistor is connected in shunt with the primary winding 
and consequently the full primary voltage appears across 
this resistor. If you continue the examination of Fig. 45, you 
will find that Rl likewise is in shunt with the primary wind- 
ing. The return path to ground is through the condenser Cl. 
A breakdown circuit illustrating these connections is shown 
in Fig. 46, with the parts identified to conform with Fig. 45. 

Fig. 46, right. This breakdown 
of Fig. 45 shows that the resistors, 

Rl and R2, are effectively in 
parallel across the primary wind- 
ing. The reactance of C and Cl 
is small in comparison with Rl 
and R2 




Fig. 47, left. The break- 
down diagram. Fig. 45, 
shows that the voltage acting 
to produce current in Rl 
equals El 4" E2, while the 
resultant voltage in the 
lower diode circuit equals 

El +E3 


The voltages E2 and E3, shown in Fig. 45, are determined 
in exactly the same way as described in connection with Figs. 
27 and 31. The manner in which the voltages E2 and E3 
combine with the primary voltage El, as it appears across 
each of the resistors Rl and R2, is shown in Fig. 47. The 
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circuit illustrates the series connection of the E2-E1 and 
E3-E1 voltages respectively in each diode circuit. 

As in the case of the previously described discriminator 
system, the voltage which acts on the upper diode Dl is 
E2 -f- El and the voltage which acts on the lower diode D2 
is E3 El. As you can see by comparing Fig. 47 with Fig. 
3 0, both circuits are identical from the viewpoint of symmetry 
and since the phase relations present in the circuit are the 
same as stated in connection with Fig. 32 and the subsequent, 
related figures, it is natural that the rectified voltage, which 
appears across the output of the rectifier, will follow the 
same S-shaped curve of Fig. 26. It is not necessary to go 
into any further details concerning the operation of this 
system, because in all other respects it is identical to that 
previously described. 

The Westinghouse Discriminator. 

What is a som'fewhat different type of discriminator net- 
work is used in a number of different receivers, among them 
the Westinghouse receivers. However, before entering upon 
the description of this type of discriminator, we feel that it 
might be well to describe briefly an elementary rectifier system 
which is used in the complete discriminator, and then to dis- 
cuss the complete system. In Fig. 48 is shown a simple 

Fig. 48. A widely used type 
of rectifier circuit. R is a 
load for the high-frequency 
voltage and is a path for the 
rectified current 

rectifier network. A generator supplies a voltage which is 
fed through a condenser C to a rectifier network consisting 
of a diode D and a resistor R. The point of major interest 
is the resistor and the diode. As you can see, the r-f or i-f 
voltage developed across the resistor is the signal voltage 
applied to the diode. Alternately the plate of the diode be- 
comes positive and negative with respect to its cathode and 
a rectified current flows around the diode-resistor circuit. 

If you examine this circuit closely you will find that it 
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differs from the conventional rectifier circuit in that the 
diode load is in shunt with the plate-cathode circuit, whereas 
in the usual diode type of rectifier, the load is in series with 
the source of voltage and the diode. Furthermore, the by-pass 
condenser across the load resistor is omitted. Such omission 
is essential in order that signal voltage be developed across 
the resistor. If a by-pass condenser were used, it would by- 
pass the signal voltage around the resistor and the circuit 
would not function. 

A discriminator system wherein two rectifiers of this type 
are used is shown in Fig. 49. At first glance you will note 



Fig. 49. The discriminator circuit that is employed in the Westinghouse 
WR-315 receiver 

a certain similarity between this discriminator and those pre- 
viously shown — at least as far as the primary and secondary 
voltages and the circuits of the transformer are concerned. 
However, the actual rectifier system, including the diodes and 
their related resistors, differs markedly from what has been 
shown thus far. ... If you check the circuit closely, you will 
find that a fixed resistor is connected across the plate-cathode 
circuit of each diode — ^Rl across Dl and R2 across D2. 

Very little, if anything need be said about El, E2 and E3, 
because these voltages are identical in character to those 
mentioned in the previous two descriptions of discriminator 
circuits. El is the primary voltage and E2 and E3 are the 
two voltages developed across the two halves of the secondary 
winding as the result of the circulating current. The phase 
relations between the primary and secondary circuit voltages 






46 AUTOMATIC FREQUENCY CONTROL SYSTEMS 

and currents are identical to those already discussed. . . .The 
only major item left is to examine the operation of the circuit 
and to see how these voltages are related to the diode circuits. 

One significant fact is evident in the diagram of Fig. 49. 
The usual connection between the center tap of the trans- 
former secondary and the diode circuit is absent, which brings 
to light a definite lack of symmetry. To examine this circuit 
more critically, let us rearrange the network into its two 
major divisions, that is, isolate the voltages with respect to 
the diodes. . . . This is done in Fig. S 0, which is identical to 
Fig. 49, except that the resonant circuits responsible for 
the various signal voltages have been replaced with generators 
identified with the respective voltages. For example, to the 
left of the vertical dividing line, we show the primary voltage 
El and the isolating condenser Cl. The voltage El cor- 
responds to the same voltage shown related to the tuned 
primary in Fig. 49. ... To the right of the vertical dividing 
line we show the voltage E2 in series with diode Dl, which 
in turn is shunted by Rl, terminating at ground. If you 
check against Fig. 49, you will find that both symbols and 
connections are identical. 

Voltage E3 in Fig. 50 is in turn connected in series with 
its diode D2, which is shunted by resistor R2, and the whole 
arrangement connected to ground through resistors R3 and 
R4. This, too, corresponds with Fig. 49. The fact that all 
of the resistors are shown joined in Fig. 49, whereas they are 
apparently separated in Fig. 50, is of no consequence. R3 
and Rl in Fig. 49 terminate at ground, which is also the 
connection in Fig. 5 0 and hence the two diagrams are identical 
in this respect. The placement of the by-pass condensers in 
Fig. 49 is repeated in Fig. 50, so that it is possible to study 
the operation of the circuit shown in Fig. 49 by analyzing 
the circuit of Fig. 50. 

If we now consider the circuit in Fig. 5 0, it is evident that 
the voltage El is in series with E2 and also with E3. The 
blocking condenser Cl has no bearing upon the magnitude of 
the various signal voltages. It serves solely to isolate the 
d-c voltages associated with the primary winding of the 
transformer from the secondary circuit and to place the 
primary voltage in series with the secondary voltages. 
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From the viewpoint of the paths offered to the flow of 
alternating current we find that one is through E1-C1-E2-R1 
to ground, while the other is through E1-C1-E3-R2-C2. In 
each of these descriptions, the signal voltage effective upon 
each of the diodes is that developed across the resistor which 
shunts its respective diode. ... in other words, the signal volt- 
age developed across Rl for Dl, and that developed across 
R2 for D2. Referring once more to the a-c path, you may 
wonder why we have omitted reference to R4 and R3 .... If 
you examine the location of C2 with respect to R3 and R4, 
you will find, particularly in view of the electrical values of 
these components, that the path through C2 to ground offers 
very much less opposition than the path through R3 and R4 
to ground. As shown in Fig. 49, the values of R3 and R4 
are of the order of a megohm each, whereas the reactance of 
C2 and C3 at the signal frequency is an extremely small 
fraction of R3 and R4. Hence the diode circuit terminates 
at ground through C2, and R3 and R4 are of no importance 
in connection with the path of the signal currents. 


Fig. JO. A breakdown cir- 
cuit of the Westinghouse 
discriminator circuit, Fig. 

49. Note that the circuit 
uses two diode rectifiers 
similar to the circuit of Fig. 

48 

As to the signal voltages active in the circuit, the voltage 
which is effective in causing rectified current to flow through 
Rl is El -}-E2 and the voltage which is effective in caus- 
ing rectified current to flow through R2 is El E3. 

As to the rectified current path, there is no pulsating-cur- 
rent flow through Cl and El, because of the presence of Cl. 
However, a flow of rectified current does take place through 
the diode D2, with the desuit that a d-c voltage is developed 
across Rl. . . . A similar situation exists in the case of R2 and 
the diode D2, with the result that a d-c voltage is developed 
across R2. . . . Now, with a d-c voltage present across Rl and 
another d-c voltage present across R2, current flow does take 
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place through the two diode circuits so that the path of this 
current embraces all the elements in the circuit with the 
exception of Cl and El. 

Let us then consider what takes place in the circuit under 
three diflFerent conditions, taking first the case in which the 
signal frequency is the same as the resonant frequency of the 
secondary tuned circuit. In this case we have previously 
found that El -j" E2 is equal to El -hE3 and therefore it 
follows that the d-c voltage across Rl is equal to the d-c 
voltage across R2. For the sake of clarity, let us further 
assume that this d-c voltage is 30 volts. The voltage relations 
which hold under these conditions are shown in Fig. 51. 
Since the path which is open to the flow of direct current is 
through R3, R4, and the two diode loads, we must consider 
the net voltage acting in this circuit. Accordingly, there is 
a negative voltage of 30 volts across Rl which has been in- 
dicated by a battery, and likewise there is 30 volts across R2 
which is also indicated by a battery of the proper polarity. 
Inspection of the circuit will show you that these two voltages 



Figs, 51, 52, and 53. The various voltages developed across Rl and R2, 
Fig. 50, are here indicated for conditions of the signal input being equal 
to, below, and above, the resonant frequency of the secondary wind- 
ing. The left-hand voltage in each case is that developed across Rl and 
the right-hand voltage is across R2. See the accompanying text for com- 
plete explanation 

buck or oppose each other so that they cancel each other 
completely, and therefore no current flows through R3 and 
R4. The significance of this is that there will be no voltage 
drop across R3 and R4 and consequently zero control voltage 
is produced for the condition that the input frequency co- 
incides with the resonant frequency of the secondary circuit. 

If we now consider the case in which the frequency of the 
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signal is lower than the resonant frequency of the secondary, 
then from the previous discussion we know that El ~{-E2 is 
greater than El -f- E3. The conditions in this case are repre- 
sented in Fig. 52 wherein the voltage across Rl has been taken 
as 3 5 volts, while the voltage across R2 has been assumed to 
be 25 volts. If we consider the two diode-resistance combi- 
nations for the moment as batteries with no internal resistance, 
then it becomes clear that a current will flow around the 
circuit, because a net voltage tends to drive current through 
R3 and R4. As a result of this current flow, inspection of 
Fig. 52 will at once show you that the point P will assume a 
potential 10 volts below ground and therefore a net negative 
control voltage of 10 volts will be available. 

Similarly, if we take the case in which the signal frequency 
is higher than the resonant frequency of the secondary, then 
we know that El -j- E2 will be smaller than El -j- E3. If we 
assume that in this case the d-c voltage across Rl is 25 volts 
and that across R2 is 35 volts, then we have the conditions 
represented in Fig. 53. Again, these voltages oppose each 
other and, as a result of the flow of current, a 10-volt drop 
is produced across R3 and R4 in series, so that a positive con- 
trol voltage of 10 volts is made available for control purposes. 

In the actual circuit arrangement, only that fraction of 
the control voltage present across R3 is used for AFC; R4 in 
conjunction with C3 acts to filter as well as reduce the volt- 
age which is finally appUed to the oscillator control tube. 

In presenting this simple explanation of how the circuit 
operates, we have made the assumption that the two diodes 
and their respective loads can be replaced by batteries with 
zero internal resistance. Actually, this is only a first approxi- 
mation, since the rectified current flowing through Rl and R2 
does develop a voltage drop which we have neglected in the 
above elementary explanation. Nevertheless, the illustration 
is valuable in that it explains simply, although qualitatively, 
the manner in which the circuit operates. 

The Triple-Tuned Discriminator. 

Another type of discriminator which deserves attention at 
this time is used in a number of Sears-Roebuck receivers. Pos- 
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sibly it will be found in other receivers as well, but at any 
rate, it is somewhat different from the discriminators pre- 
viously described, at least as far as the transformer is con- 
cerned, and hence its inclusion at this time. Incidentally, a 
number of other discriminator arrangements are described 
elsewhere in a subsequent chapter. 

The triple-tuned discriminator circuit under discussion is 
shown in Fig. 54. If you examine this diagram, you will 
note that the discriminator transformer contains three tuned 
circuits. These are Ll-Cl, L2-L2'-C2, and L3-L4-C3. Ll 
is coupled to one of the L2 windings. The other L2 wind- 
ing, L2', is in turn coupled to L3 and L4. In each of these 
cases the coupling is inductive. However, there is a direct 
link between one end of L2 and the junction of L3 and L4. 



Fig. 54. The triple-tuned discriminator circuit that is used in several 
Sears-Roebuck receivers. This is a modification of the basic discriminator 
circuit and it should be noted that the three windings are enclosed in two 
separate shields, as indicated by the dotted lines 

As to the operation of this transformer with respect to the 
signal voltages present in the circuit and the phase relation 
of these voltages, we need concern ourselves only with wind- 
ings L2 and L3-L4. The primary winding Ll does not enter 
into the discussion, other than as a source of the voltage fed 
into the other two windings. 

As to the coupling between the secondary and tertiary 
windings, we have the equivalent of the capacitive and induc- 
tive coupling found in all of the preceding cases. The direct 
coupling, equivalent to the capacitive coupling, is achieved 
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by means of the direct link between the upper end of L2 and 
the junction of L3 and L4. The inductive coupling is that 
which exists between the second section of L2 or L2'' and 
L3-L4. As you can see in the diagram, the secondary tuning 
condenser C2 is connected across the series combination 
L2-L2\ 

In operation this circuit utilizes the phase relations between 
the voltage across the secondary tuned circuit L2-L2'-C2 and 
that across each half of the tertiary winding, or across L3-L4. 
In this instance, the signal voltage across L2-L2' is the equiva- 
lent of the previously mentioned El, and the voltages across 
L3 and L4, are the equivalents of the previously mentioned E2 
and E3. Concerning the phase relations, they are identical to 
those described in connection with the previously discussed 
types of discriminator circuits, and consequently it is hardly 
necessary to discuss them again. It might be well, however, 
to mention that with the exception of the transformer circuit, 
the remainder of the system is basically similar to the first type 
of discriminator we described. If you trace the connections 
between the secondary and tertiary circuits, you will find that 
the center tap of the load resistors in the output circuit of 
the diodes, returns to the midtap of the tertiary winding 
through the two sections of the secondary winding. Of fur- 
ther interest is the fact that this three-winding transformer 
is contained within two separate shielded compartments. 

The manner in which the various signal voltages combine 
to form the voltages acting upon the two diodes can be best 


Fig. 55. A breakdown of 
the circuit of Fig. 54 show- 
ing the several voltages act- 
ing in the two diode circuits. 

Note that the audio voltage 
is also secured from this 
system 

noted by reference to the breakdown diagram shown in Fig. 
55. This is a simphfied version of Fig. 54, and the various 
voltages involved in Fig. 54 are identified. Once again you see 
that the voltage across the secondary tuned circuit L2-L2'-C2, 
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which voltage we identify as El, is directly in series with 
the voltage across L3 (identified as E2) and the diode Dl. 
The lower diode D2 is in series with El, across L2-L2'-C2, and 
the voltage E3, which appears across L4. The total voltage 
applied across Dl is El -j- E2 and that applied across D2 is 
El -}■ E3. Asa result of the phase relations, the characteristic 
S-shaped discriminator curve is developed. The final AFC 
voltage appearing between point P and ground is equal to the 
combined value of the voltages across Rl and R2, as was pre- 
viously explained. 

Further examination of Fig. 54 establishes that the auto- 
matic volume control voltage is also secured from the 
discriminator system. This is made possible by connecting 
the AVC feeder to the jimction of Rl and R2; this point in 
the discriminator circuit is negative with respect to groxmd at 
all times and satisfies all the requirements for an AVC voltage 
source. As has been stated, the final AFC voltage utilized for 
AFC purposes varies in polarity and magnitude in accordance 
with the voltages present across Rl and R2, but no matter 
what the final AFC voltage, the voltages across Rl and R2 
when considered individually are always the same in polarity. 
As a result of the connection of R2, the polarity of the recti- 
fied voltage across R2 is such that the ungrounded point is 
always negative with respect to ground. 

The use of the discriminator to obtain both AFC and AVC 
voltages is not peculiar to this type of discriminator alone since 
it is possible to obtain AVC voltages from each of the dis- 
criminator circuits previously described. In general, the AVC 
voltage is obtained by connecting the AVC feed fine to the 
junction of Rl and R2; however, if the full voltage is not 
required, it is possible to take off the desired amount by tap- 
ping R2. On first thought it might seem that the AFC 
action is closely related to the AVC action, but actually such 
is not the case. To the extent that the AVC circuit limits 
the signal voltage applied to the discriminator, it does affect 
the amount of AFC voltage, but essentially the AFC voltage 
depends upon the condition of tuning, whereas the AVC volt- 
age changes only slowly with the tuning and depends essen- 
tially on the input signal to the receiver. 



Chapter IV 

THE OSCILLATOR CONTROL CIRCUIT 

I N THE previous chapter we discussed the discriminator, 
and showed that this portion of the AFC system produces 
a d-c voltage which varies in magnitude and polarity 
in accordance with whether or not the receiver oscillator is 
tuned to the correct frequency. This voltage we referred to 
as the control voltage, or AFC voltage. We are now ready 
to consider the circuit which receives this control voltage 
and automatically controls the oscillator frequency so as to 
keep the receiver correctly tuned. To present this subject 
properly, it is necessary to consider a basic oscillator circuit, 
and to examine the requirements of such control circuits and 
the various possible methods of control. 

Suppose that we start with a simple oscillator circuit, such 
as is to be found in the conventional superheterodyne receiver. 
The circuit of Fig. 56 illustrates a conventional plate feed- 
back oscillator, wherein a portion of the alternating voltage 
in the plate circuit is fed back into the grid circuit and sus- 
tained oscillations are produced. As you no doubt know, one 
of the major considerations of any oscillator system is the 
frequency of the oscillations produced. The control of the 
frequency produced is accomplished, generally speaking, by 
the values of inductance L and the capacity C present in the 
tuned circuit. More specifically, the frequency of the oscil- 
lator can be expressed by the relation f ^ ■ — . 

27: VLC 

Obviously, the larger the value of L or C, the lower is the 
frequency of the oscillations produced; and similarly, the 

53 
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smaller the value of L or C, the higher is the frequency of the 
oscillations produced. ... So we see that the most obvious 
method of frequency control is by the variation of the magni- 
tude of either L or C in the tuned circuit. 

Recognizing the physical nature of L and C, control of 
the frequency by variation of these components is quite a 
task. However, it is possible to vary L mechanically, for 
example, provided that L is of such construction that the final 
inductance is the result of the physical relation between two 
coils — so that by varying the position of the two coils 



r/G. 56 


Fig. S6. In this conventional 
oscillator circuit, the frequency 
is determined by L and C 



Fig. S7. The frequency of oscilla- 
tion can be varied by means of a 
motor-driven variable condenser. 
Cl, shunted across the tuned circuit 


mechanically a change in the resultant inductance is effected. 
No doubt you recall the use of variometer-type inductors, 
wherein a rotatable form carried one winding and a fixed 
form carried the other winding. If the frequency were varied 
by such a motor-driven variometer, zero control voltage 
would not cause any movement of the rotor, whereas a nega- 
tive control voltage would cause movement in one direction 
and a positive control voltage would cause movement in the 
opposite direction. . . . The same applies to a motor driven 
auxiliary condenser. 

An example of the capacitive method of control over the 
oscillator frequency is shown in Fig. 57. Here the control is 
accomplished by connecting the rotor shaft of an auxiliary 
condenser Cl to a motor. If the receiver is correctly tuned, 
the control voltage is zero and the auxiliary condenser rotor 
remains stationary at its neutral position — half capacity. If, 
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as the result of incorrect tuning, the oscillator frequency is 
too high, the discriminator produces a negative control volt- 
age and this voltage causes the condenser motor to rotate the 
condenser Cl in Fig. 57, so that the capacity of Cl is increased 
and the oscillator frequency is lowered. In the event that the 
oscillator frequency is too low, a positive control voltage is 
produced by the discriminator and this control voltage causes 
the motor to rotate Cl so that the capacity is decreased, and 
the oscillator frequency is increased. 

Such would be the method of operation if motor driven 
variable inductors or condensers were used. . . . However, the 
system is not used commercially, so that possibly you may 
wonder why we have given such a lengthy description. The 
value of the illustration lies in the fact that the circuits which 
are being used in present-day receivers also use the variation 
of the inductance or capacity in the oscillator tuned circuit 
in order to control the oscillator frequency. However, in 
contrast to the examples just given, the means used to accom- 
plish this variation of the total inductance or capacity in the 
oscillator tuned circuit is purely electronic, rather than elec- 
tromechanical; no moving parts whatsoever are used. Never- 
theless, the above illustration of mechanical oscillator control 
should be understood, since it shows the relationship between 
the oscillator frequency, and the inductance and capacity 
present in the oscillator tuned circuit. 

Vacuum Tube Circuit as an Inductance, 

The type of electronic control circuit which is most widely 
used and which we shall consider first, is that which uses a 
tube to act as an apparent inductance across the oscillator 
tuned circuit. If we may digress for a moment, it might be 
well to say a few words concerning the use of two inductances 
in parallel. You are no doubt familiar with the fact that 
when two resistors are connected in parallel the resultant value 
of resistance is less than that of the smaller value of resistance 
in the parallel combination. The same relation holds true with 
inductances. Connecting one inductance in parallel with 
another results in a final value of inductance which is less 
than the smaller of the two used. 
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Referring to the electronic method of AFC, the inductance 
used in the oscillator tuned circuit is the fixed inductance and 
the additional apparent inductance, which is electronically 
controlled, is in shunt with this fixed inductance. By varying 
the apparent inductance electronically between certain fixed 
limits, it is possible to produce a resultant value of inductance 
which is greater or smaller than the value which exists when 
the control voltage is zero. 

At first glance it is difficult to conceive of an inductance 
which does not exist in physical form, that is, a coil. It is 
correspondingly difficult to visualize how a vacuum tube cir- 
cuit can behave as if it were a coil. . . . Nevertheless, such is 
the case, as you shall see. ... To start the discussion we shall 
refer once more to the behavior of an inductance when used 
in an a-c circuit. In Fig. 5 8 is shown a coil connected across 
a source of alternating emf. Naturally a current I will flow 
in response to the voltage E and this current will lag the 
voltage by 90 degrees. 

Now, let us suppose that the generator shown in Fig. 58 
is connected to two terminals located on a box with contents 

Fig, J8. The current I flow- 
ing in this a-c circuit lags 
90° behind the voltage E. 
Fig. 59. If the current in 
this circuit lags 90° behind 
the voltage, then the box 
must contain apparatus 
which behaves like an in- 
ductance 

unknown, as shown in Fig. 59. An ammeter is located in the 
circuit; again we find that a current I flows in response to the 
voltage E and further, that this current I lags behind the vol- 
tage E. Under the circumstances, it is natural to conclude 
that whatever is within the confines of the box displays the 
properties of an inductance or, in other words, is an induc- 
tance. Expressed in another manner, the only way in which 
we can establish if the contents of the box is resistive, capac- 
itive, or inductive in effect, is by the phase relation between 
the current and the voltage. 


FIG, 5 a FtG-SS 
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Bear in mind that we do not know the physical shape or 
appearance of the device within the box. As a matter of fact, 
we are not concerned with whether or not this device re- 
sembles our conventional ideas of a coil, condenser, or resistor. 
The evidence of a 90-degree lag between the current and the 
voltage is sufficient to establish that whatever is in the box 
is inductive or behaves like an inductance. Similarly, if the 
current leads the voltage by 90®, then we can correctly con- 
clude that the device within the box is a condenser or at 
least displays the properties of a condenser. For values of 
phase lag or lead between zero and 90°, the box appears as a 
combination of resistance and inductance, or resistance and 
capacity, respectively. 

So much for the basic ideas as to the distinguishing feature 
of an inductance from the electrical point of view. . . . Now 
the problem is to make a vacuum tube appear as an induc- 
tance. ... In other words, to have within that box a vacuum 
tube circuit which will draw a lagging current I from a source 
of applied voltage E. 

The first stage in the development of a tube circuit which 
will act as an inductance is shown in Fig. 60. The circuit is 

FIG. GO 


Fig. 60. By varying the grid bias, the tube circuit to the left of the 
dotted line can be made to appear to the a-c generator Ep as a variable 
resistance. Fig. 61 shows the tube circuit represented as a variable 

resistance 

a conventional four-element tube with a source of d-c voltage 
connected to the control grid, a d-c voltage connected to the 
screen grid, and an a-c voltage Ep connected to the plate. 
The current Ip flows in the plate circuit as the consequence 
of the application of Ep. Certain pertinent facts related to 
this circuit are of interest. In the first place, we know that 
the magnitude of plate current for any value of plate volt- 
age depends upon the internal resistance of the tube and that 
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one of the means of varying the internal resistance is by 
means of the control-grid bias. The more negative the grid, 
the greater the internal resistance of the tube and the less 
the plate current for any value of plate voltage. In the same 
way, the lower the negative grid bias, the lower is the value 
of internal resistance, so that by varying the control grid bias, 
the tube can be made to behave as if it were a variable re- 
sistance. Acting in this manner, that is, as a resistance, the 
plate current Ip is in phase with the applied voltage Ep and 
the circuit of Fig. 60 is really the equivalent of Fig. 61. Thus 
it is possible without using a resistor of any kind to arrange a 
tube so that it appears as a resistor to the generator Ep. 

However, we are interested in the behavior of the tube as 
an inductance rather than a resistance. How can this be 
accomplished? An elementary conception of the circuit ar- 
rangement used is shown in Fig. 62. The method of operation 


Fig. 62 , If Eg lags Ep by 90°, then 
the tube circuit to the left of the dot- 
ted line appears to the a-c generator 
Ep as a variable inductance 

is to feed into the control-grid circuit, an alternating voltage 
which is identical in frequency to that of the alternating 
voltage applied to the plate circuit. As a matter of fact, as 
you will see later, the alternating grid voltage Eg, is secured 
from the source of the alternating plate voltage Ep, thereby 
assuring identically the same frequencies for Ep and Eg. 
Furthermore, the manner in which Eg is fed into the control- 
grid circuit is such that this voltage lags 90° behind the 
plate voltage. The plate current, which is in phase with the 
grid voltage, therefore lags the alternating voltage in the 
plate circuit by 90°, so that as far as the alternating plate 
voltage Ep is concerned, the tube appears as an inductance. 
This follows, as explained above, because the alternating plate 
current Ip lags Ep by 90°. By applying a variable d-c bias 
to the control grid, the magnitude of the mutual conductance, 
and therefore the magnitude of the plate current Ip can be 
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controlled. This is in turn reflected as a variation of the 
inductance presented by the tube to the generator. The 
greater the plate current, the less the apparent inductance, 
and the smaller the plate current, the greater the apparent 
inductance. As you will see later, this variable control-grid 
bias is the control voltage which is secured from the dis- 
criminator tube. ... So much for this elementary description. 
Let us continue by discussing a practical circuit wherein 
the control tube acts as an inductance across the oscillator 
circuit and the method of securing the out-of -phase voltage 
necessary for the operation. 


Fig. 63, R and C form a phase- 
shifting circuit by means of 
■which a lagging voltage is ap- 
plied to the grid of the tube. 
The d-c voltages are here omit- 
ted for the sake of simplicity 



Such a practical circuit is shown in Fig. 63 and if you 
compare Figs. 62 and 63, you will find a certain amount of 
similarity between them. The generator Ep of Fig. 62 is 
is now replaced with the oscillator tuned circuit, labeled Ep. 
This circuit is a portion of the oscillator system, the fre- 
quency of which is to be controlled, and during its operation 
an alternating voltage is developed across the coil. The com- 
plete oscillator system is not shown because it is unnecessary 
for the explanation. 

Referring again to Fig. 63, you will note that a series 
network composed of a resistor R and a condenser C shunts 
the tuned circuit and also is connected across the plate-grid- 
cathode circuit of the tube. This resistance-capacity network 
comprises a phase-shifting device, to provide the lagging grid 
voltage discussed in connection with Fig. 62. The values 
selected for R and C are as a rule such that R is much greater 
than the reactance of C, so that the two combined appear as a 
resistive load upon the oscillator tuned circuit. Therefore, the 
current due to Ep through this R-C combination is essentially 
in phase with the oscillator voltage Ep. However, we know 
that in a condenser the current leads the voltage by 90°, so 
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that since the current through the condenser C is in phase 
with the voltage Ep, it stands to reason that the voltage across 
C — and this is the voltage which is applied to the control grid 
— must lag the oscillator tuned circuit voltage Ep by approxi- 
mately 90°. Thus we excite the control grid with a voltage 
which has the same frequency as Ep, but lags Ep.by 90°. 

Continuing further, this control-grid voltage naturally 
causes the flow of a corresponding alternating current Ip in 
the plate circuit and this plate current is in phase with the 
control-grid voltage. Since the control-grid voltage lags the 
oscillator voltage Ep by 90° and the plate current Ip is in phase 
with the control-grid voltage, it follows that the plate current 
will also lag the oscillator voltage Ep by 90°. 

The effect of the circuit arrangement just discussed is that 
the control tube draws a lagging current Ip in response to 
the grid excitation voltage which is derived from the phase 
shifting circuit across the oscillator tuned circuit. In this 
way, the control tube is made to appear to the oscillator tuned 
circuit as an inductance, as we explained in connection with 
Figs. 58 and 59. Furthermore, since it is possible to vary 
the magnitude of the lagging current Ip by applying a variable 
control-grid bias, the control tube behaves hke a variable 
inductance in shunt with the oscillator tuned circuit. 

"With this much of the discussion completed, you may be 
wondering about the relation between the oscillator frequency 
and the value of the apparent inductance reflected by the 
control tube. It is important to note that the control tube 
is always connected across the oscillator tuned circuit, so that 
there is always present across the oscillator coil a certain value 
of apparent inductance. This is the value that exists when 
the AFC control voltage is zero, and the design of the oscil- 
lator coil system is such that the correct frequency is obtained 
with this value of apparent inductance across the oscillator 
coil. Then when AFC control voltage is applied, the apparent 
inductance increases above this zero control voltage value 
or decreases below the zero control voltage value, depending 
upon the polarity of the control voltage. When the apparent 
inductance increases, the total inductance in the oscillator 
circuit rises and the frequency is lowered. . . . When the appar- 
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ent inductance decreases, it naturally decreases the total 
inductance and the frequency of the oscillator is raised. 
Elaborate as the complete system may appear, it is actually 
the equivalent of Fig. 64, wherein an automatically varying 
inductance is in shunt with the oscillator winding. This 
apparent inductance is shown in dotted lines. 

Now that you are familiar with the manner in which a 
vacuum tube can be arranged to act as an inductance, it is 


Fig. 64. The shunt inductance L 
makes it possible to control the fre- 
quency of the oscillator as explained 
in the text 


osc. 



in order to show how the control tube is tied in with a con- 
ventional oscillator circuit. In general, the basic arrangement 
shown in Fig. 65 is generally used, although there are some 
slight modifications in the different receivers, which represent 
the individual ideas of various set designers. While the re- 
semblance between Figs. 65 and 65 is not great at first glance. 



Fig. 6S. A basic oscillator control tube circuit, showing how it is con- 
nected to the oscillator circuit. R3 and C4 supply the lagging grid 
voltage, while C3 keeps the d-c voltage from the grid of the control tube 


closer inspection will show the two circuits to be identical 
with the exception that by-pass condensers and isolating or 
filter resistors have been added to the circuit of Fig. 65. 
Starting with the oscillator system, you will note that it is 
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of conventional design except for the use of the oscillator 
grid coil above ground potential. This is done so as to permit 
the application of d-c plate voltage to the control tube 
through the oscillator grid coil. It is for this reason that the 
series blocking condensers C and C2 are used to complete the 
oscillator tuned circuit. Condenser C is generally used for 
the oscillator series alignment condenser as well, while C2 is 
large and serves merely to complete the oscillator tuned 
circuit. 

In studying this circuit, you should understand that the 
r-f voltage developed across the oscillator tuned circuit 
corresponds directly to the generator Ep in Fig. 62. The 
phase-shifting network is composed of R3 and C4, which 
corresponds to R and C in Fig. 63. Note that an additional 
blocking condenser C3 is shown in Fig. 63. This is necessary 
in order to isolate the d-c plate voltage from the control grid 
of the control tube. This blocking condenser is not shown in 
Fig. 63 because we were not concerned at that time with the 
d-c voltages in the circuit. The value of C3 is sufficiently 
great so that its reactance is low with respect to the resistance 
of R3, and hence it does not influence the operation of the 
phase-shifting circuit. Resistors R4 and RJ are in the AFC 
control voltage circuit and R6 establishes the fixed bias when 
there is no AFC control voltage. By making R4 high with 
respect to the reactance of C4, it does not disturb the phase 
shifting arrangement. The a-c voltage present across C4 
and fed to the control-grid circuit of the control tube re- 
mains 90° out of phase with the voltage across the oscil- 
lator coil Ll. 

In closing this chapter we would Hke to state that it has 
been our aim to present a working knowledge of the control 
tube circuit, without any intention of entering upon a com- 
plete, mathematical explanation of the operation of the tube 
and a quantitative derivation of the exact impedance reflected 
under different conditions. Furthermore, we have not con- 
sidered each and every modification of control circuits. These 
will follow in subsequent chapters and will be found to be 
based upon the fundamental explanation given in this chapter. 



Chapter V 

COMMERCIAL AFC CIRCUITS 

H aving discussed the general operation of discrimi- 
nator and oscillator control circuits, we are ready 
for an examination of some of the commercial re- 
ceivers which make use of automatic frequency control. You 
will find as you read this chapter, that certain references 
are made to performance details and special circuit modifica- 
tions. It is important to view and accept these facts from 
the viewpoint that they are generally applicable, although they 
happen to be identified and discussed in connection with one 
particular receiver. 

As a rule the circuits employed in commercial receivers are 
based on the general principles explained in the preceding 
chapters, but there are individual variations which will become 
evident as you progress through this chapter. The fact that 
we show comparatively few commercial AFC circuits should 
not be construed as signifying that no other receivers but 
those discussed employ AFC. By the time this book goes to 
press, many receivers not listed herein will employ AFC and 
within six months or a year of the date of publication, AFC 
will be a commonplace feature in American radio receivers. 
We want to emphasize especially that the circuit descriptions 
contained in this chapter are valuable not only in connection 
with the specific receivers described, but they are perhaps of 
even greater importance because they will help you to under- 
stand other circuits in use at the present time, as well as those 
which will make their appearance within the next few years. 

63 
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AFC in G.E. Model E-101. 

The AFC system used in this General Electric receiver, as 
shown in Fig. 66, is a commercial application of the principles 
discussed in connection with the basic discriminator and oscil- 
lator control systems. An examination of the discriminator 
arrangement shows it to be essentially the same as that de- 
scribed in connection with Figs. 27 and 31. Of course the 
complete diode load circuit differs from the arrangement 
shown in the figures mentioned, but this is to be expected be- 
cause Fig. 66 also shows the AVC and audio circuits. 

One modification of the discriminator network appears in 
Fig. 66. This is the use of the resistance-capacity filter 



Fig. 66. The AFC circuit used in the General Electric Model E-101 
receiver 


R-C1-C2 in the common lead which joins the input and out- 
put circuits of the rectifier. The purpose of this filter is to 
keep i-f voltages and currents out of the diode load resistor 
circuit. You will note that the audio voltage is secured from 
the junction of the load resistors Rl and R2, making it 
necessary to include a filter ahead of this point. In the basic 



COMMERCIAL AFC CIRCUITS 


65 

discriminator circuits discussed in preceding chapters it was 
unnecessary to use such i-f filters, because the circuit 
arrangement was such as to permit the use of a large by-pass 
condenser at the junction of Rl and R2, thus eflfectively 
keeping the i-f out of the a-f amplifier. 

In addition to supplying the AFC and a-f voltages, this 
discriminator is used to furnish AVC voltage. You will 
observe from the figure that three resistors are used to make 
up the diode load. The load resistor for the diode Dl consists 
of RI, while the load for the second diode D2 consists of two 
separate resistors R2 and R3. Two resistors are used for the 
load of the second diode so as to permit different degrees of 
AVC voltage to be fed to the i-f and r-f tubes. Essentially, 
however, this does not affect the AFC action — the circuit is 
still balanced. 

The lower part of the discriminator load circuit appears to 
deviate from the circuits described previously. Normally, the 
lower end of the discriminator load circuit is returned to 
ground. However, you will note that in this receiver, this 
point P is by-passed to ground through a 10-mf condenser and 
returned to a point on the voltage divider which is 3 volts 
negative with respect to ground. This connection is made 
through a 100,000-ohm filter resistor, which, in conjunction 
with the 10-mf electrolytic, acts to prevent any hum or 
audio voltages from being fed into the discriminator circuit. 
As a result of this connection, the entire discriminator circuit 
is placed at a potential of 3 volts below ground. In this way 
an initial bias is fed to the grids of the tubes which are con- 
trolled through the AVC bus, so that it is unnecessary to 
use individual cathode resistors and bypasses for each con- 
trolled tube. Instead, the cathodes of the controlled tubes 
are connected directly to ground. 

The high side of Rl, you will see by reference to Fig. 66, is 
by-passed to ground through a 1-mf condenser. This con- 
denser serves a two-fold purpose: it prevents hum and audio 
voltages from being fed to the oscillator control tube, and in 
addition increases the time constant of the AFC circuit so 
that it is greater than that of the AVC circuit. 
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The Control Tube. 

The control circuit used in this receiver is essentially similar 
to that shown in Fig. 65. Note especially that the phase 
shifting network consists of a 39,000-ohm resistor and a 
5 -mmf condenser. Actually the 5 -mmf condenser is in paral- 
lel with the control tube grid-to-cathode capacity plus the 
capacity of the wiring, so that the total capacity across which 
the lagging voltage is developed, is of the order of 20 -mmf. 
The .002-mf condenser which is in series with the 39,000-ohm 
resistor, does not play any part in shifting the phase because 
of its large value and serves only to prevent the d-c plate 
voltage from reaching the grid of the oscillator control tube. 

An 8200-ohm resistor is included between the plate of the 
oscillator control tube and the tuned circuit of the oscillator. 
This resistor is used primarily as a control on the variation of 
the AFC range at the various frequencies throughout the band. 

A switch for shorting out the AFC action is incorporated 
in the circuit. When this switch is closed, the cathodes of 
the two diodes are joined together so that essentially the dis- 
criminator circuit becomes a conventional full-wave rectifier 
circuit. Note that under this condition the two diode loads 
are in parallel with each other and that therefore no AFC 
voltage is generated. However, the audio and AVC voltages 
are still produced just as they would be in the case of a con- 
ventional full-wave rectifier circuit. 

In Fig. 67 the schematic of the AFC circuit used in the 
twelve and fifteen tube 1937 General Electric models is 
shown. You will observe that this circuit, with several ex- 
ceptions, is quite similar to that just considered and used 
in the ten-tube model. With the exception of an additional 
resistor in the lower diode load circuit, which is used to supply 
the Colorama tube, the discriminator circuit is the same as 
that previously discussed. Note also that additional con- 
densers of 250-mmf and 100-mmf capacity are used to by- 
pass the diode cathodes. The purpose of these condensers is to 
provide more effective by-passing as far as the intermediate 
frequency and its harmonics are concerned. Incidentally, as 
we shall see later, it is sometimes necessary to remove the 1-mf 
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by-pass condenser during alignment of the AFC transformer 
and in this case it is desirable to have this junction offer a low 
impedance path to the intermediate frequency and its har- 
monics. 

This circuit uses a separate 6K7 tube as an oscillator and 
while the arrangement of the oscillator circuit itself is slightly 
different, the manner of connection to the 6J7 oscillator con- 
trol tube is the same as before. Here again, you will note that 



Fig. 67. The AFC circuit used in the General Electric 1937 12- and 15- 
tube receivers 


the plate voltage for the control tube is obtained through the 
oscillator coil, and that for this reason the oscillator grid coil 
is some 200 volts above ground potential. The .OJ-mf by-pass 
condenser at the junction of the oscillator grid coil and tickler 
is, of course, part of the oscillator tuned circuit. 

In both the AFC circuits which have been discussed, the 
AFC action functions only on the broadcast band. How- 
ever, the discriminator circuit is not disturbed on the short- 
wave bands, but the AFC action is rendered inoperative 
because there is no connection between the control tube and 
the oscillator. 
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Crosley Model 1316. 

This receiver and several others of the same manufacture 
contain a number of very interesting features — circixit ar- 
rangements which depart from the systems we have already 
discussed, although the basic laws of operation still apply. 
Fig. 68 is a complete schematic of the AFC system and its 
related circuits. 



Fig. 68. The AFC circuit used in the Crosley Model 1316 receiver. A 
separate i-f stage is used to feed the 6H6 discriminator 


The plate of the 6A8 first detector, you will note from 
Fig. 68, feeds directly into the first i-f transformer, which is 
of the triple-tuned type. This type of transformer is used for 
the purpose of obtaining a more desirable overall i-f response, 
having an essentially flat top and steep sides approaching the 
ideal selectivity curve. Following along the regular i-f chan- 
nel, you will observe that one i-f stage is used and that this 
feeds directly into a diode detector through another trans- 
former of the same type. 

Separate I-F Channel for AFC. 

The interesting thing about this circuit is that the regu- 
lar i-f channel does not feed the AFC circuit. Instead, a 
broader channel Is obtained by feeding the grid of another 
6K7, arranged as an i-f amplifier stage, from the secondary 
winding on the first i-f transformer. The output of this 
stage feeds directly into a conventional discriminator trans- 
former. As a result of this arrangement, the selectivity of 
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the AFC channel is made considerably broader than usual — 
without sacrificing the selectivity of the regular signal 
channel. 

The Discriminator. 

The discriminator used in this receiver is of the conven- 
tional type, the i-f choke in the secondary center-tap circuit 
being omitted and the center-tap returned directly to the 
midpoint of the load connected between the two cathodes 
(see Fig. 45). The high side of the discriminator load is by- 
passed to ground with a comparatively small condenser — .1 mf. 
However, the AFC voltage is fed to the oscillator control tube 
through a 3 -megohm resistor which is by-passed to ground 
through a .02 -mf. condenser. This filter, of course, has the 
effect of further increasing the time constant so that it is 
greater than that of the AVC circuit. 

The Voltage-Limiting Diode. 

Inspection of the schematic in Fig. 68 will show you that 
the AFC bus is connected to one of the diode plates in the 
6R7 second detector and first audio tube. Since the cathode 
of this tube is 2.0 volts above ground, this diode will start to 
draw current whenever the positive AFC voltage produced by 
the discriminator exceeds 2.0 volts. This current will flow 
through the 3 -megohm filter resistor, and the voltage drop 
across this resistor will prevent the voltage at the grid of the 
6J7 control tube from rising appreciably above 2.0 volts. 

There is, of course, no connection between the audio cir- 
cuit and the AFC system. The fact that the AFC bus is 
connected to a diode in the first audio tube is purely a 
matter of convenience. The results and operation would be 
exactly the same if a separate diode with its cathode 2.0 volts 
positive with respect to ground were connected across the 
AFC bus. 

This voltage-limiting diode is used for a definite reason. 
You will recall that in connection with a previous AFC cir- 
cuit we mentioned that high values of positive grid voltage 
on the control tube cause this tube to reflect a low value of 
resistance (as well as inductance) across the oscillator tuned 
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circuit. As a result of this heavy damping, stoppage of the 
oscillator can sometimes take place. The use of the voltage 
limiting diode removes this possibility, since the grid of the 
control tube can never go positive enough to cause the oscil- 
lator to stop functioning. 

As far as the oscillator is concerned, this much of the cir- 
cuit is conventional; essentially, the same basic system de- 
scribed in Fig. 65 is used. The r-f voltage appearing across the 
tank circuit of the oscillator is fed to the plate of the 6J7 
control tube in the conventional manner, so that the control 
tube obtains its plate voltage through the oscillator grid coil. 
Note that a different value of resistance is used in the phase 
shifting network for each of the three wave bands. These are 
respectively lOOM, 50M and 20M ohms for the broadcast, 
police and amateur, and the short wave bands. While no con- 
denser is used between the grid of the control tube and 
ground, actually there is suflScient capacity between the grid 
and ground due to the tube capacity and associated wiring 
(as indicated by Cl) to provide the required capacity for 
shifting the phase. 

The reason for the use of smaller values of resistance in the 
phase shifting network for the higher frequency bands be- 
comes apparent when we consider that Rl must be large with 
respect to the reactance of Cl in Fig. 68, and at the same time 
must maintain a more or less fixed relation with respect to the 
reactance of Cl at the particular frequency of operation. 
Since the reactance of Cl is considerably less on the short- 
wave bands, it follows that the best performance is secured by 
using a progressively lower value of Rl on the higher-fre- 
quency bands. This problem was not encountered in the case 
of the other receivers discussed because these circuits are oper- 
ative only in the broadcast band. 

An interesting point about the oscillator control tube is 
that the bias for this tube is adjustable by means of a rheostat 
in the voltage divider circuit. This control is ordinarily not 
adjusted, except when the control tube is replaced or the re- 
ceiver is being aligned. The most desirable control action is 
obtained when the control is set so that the bias voltage on 
the 6J7 is 4.8 volts. Because of the infrequent need for ad- 



COMMERCIAL AFC CIRCUITS 71 

justment of this control, the receiver must be removed from 
the cabinet before the control is accessible. 

AFC in Double Superheterodynes. 

The double superheterodyne principle is quite old, and, as 
you may recall, was used in receivers quite a few years back. 
Its revival at this time in a number of current receivers is due 
to the fact that in connection with AFC it offers certain ad- 
vantages. This will be brought out in the course of the fol- 
lowing discussion. However, before we go into the applica- 
tion of AFC to the double superheterodyne, let us review 
briefly the manner in which the circuit functions. 

As the name implies, a double superheterodyne is one in 
which the superheterodyne principle is applied twice in suc- 



Fig. 69. The path of a JOOO-kc signal through the Westinghouse WR-31J 
double-superheterodyne receiver is shown in this block diagram. The 
elements of the AFC system are indicated by the heavy lines 


cession. In Fig. 69 we show the block diagram of a modern 
double superheterodyne, the Westinghouse Model WR-315 
which is equipped with AFC. For the moment we shall dis- 
regard the components which are indicated in heavy black 
squares and consider the path of a signal through the receiver, 
without regard to any AFC action. 

For the sake of clarity, we shall assume that the input sig- 
nal to the receiver has a frequency of 5000 kc. As the figure 
shows, this signal is amplified in the first r-f stage, which uses 
a 6K7 tube, and is passed on to the first detector-oscillator 
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stage, which employs a 6A8. Here the 5 000-kc signal is 
mixed with the 5465 -kc frequency produced by the first os- 
cillator, so that an intermediate frequency of 465 kc (5465- 
5000) is produced in the plate circuit of the first detector. 
Up to this point you will note that the action is identical 
with that which takes place in any ordinary superheterodyne. 

The 465-kc frequency, you will observe from the block 
diagram, is not amplified in the ordinary manner, but instead 
undergoes a further frequency change in a second detector; 
this tube should not be confused with the conventional second 
detector. Here the 465-kc signal mixes with the 365-kc 
voltage generated in the oscillator section of the second 6A8 
and, as a result, a second intermediate frequency equal to 
100 kc is produced. From this point on, the new lOO-kc in- 
termediate frequency is amplified in the 6K7 i-f stage and 
finally detected in the 6Q7 stage, which also serves as the 
first audio stage and provides AVC voltage. Note that the 
100-kc i-f signal is produced by a heterodyning signal of 365 
kc. Normally, the heterodyning signal would be higher in 
frequency than the carrier, in this case the 465-kc signal. 
However, if this is done, then the heterodyning signal comes 
within the broadcast band. It would be 565 kc, and produce 
beat notes with various signals within the broadcast band, 
such as 560 kc and 570 kc. "While it is true that beat notes 
may be developed when the heterodyning signal is 365 kc 
(between the harmonics of this signal and broadcast carriers) , 
the situation is not as troublesome as would be encountered 
if the heterodyning signal were 565 kc. 

To appreciate why this double superheterodyne circuit is 
used in connection with AFC, it is necessary to understand 
which circuits remain tuned to the same frequency regardless 
of the signal frequency being received, and which circuits 
must be tuned to correspond with the signal frequency being 
received. This is clearly shown in figure 69 and you will ob- 
serve that all the circuits to the right of the vertical line are 
fixed tuned. On the other hand, the r-f, first detector, and 
first oscillator circuits are, of course, tuned in the conven- 
tional manner by means of a three-gang variable condenser. 
A further study of the block diagram will show you that 
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most of the selectivity in a receiver of this type resides in the 
final i-f system (100 kc), since four tuned circuits are as- 
sociated with this frequency, while only two are associated 
with the 46S-kc intermediate frequency, and these are pur- 
posely made broader than normal. 

Because of the predominance of the receiver selectivity in 
the 100-kc i-f amplifier, whether the receiver is tuned cor- 
rectly as a whole will depend upon whether the signal passes 
through the 100-kc i-f amplifier at 100 kc or at a frequency 
different from this — say 95 kc or 105 kc. Naturally an error 
in the tuning of the gang condenser in the variable-tuned sec- 
tion will upset the frequency of the signal passing through 
the i-f amplifier, since it will cause the first detector output 
to differ from 465 kc. This is the normal manner in which 
errors in tuning are introduced. 

The important thing to note, however, is that a change in 
the frequency of the second oscillator, which normally oper- 
ates at 365 kc, will also change the frequency of the signal 
passing through the 100-kc amplifier. That is, if the fre- 
quency of the oscillator is changed from say 365 kc to 369 
kc, then the frequency of the second i-f signal will be changed 
from 100 kc to 96 kc. In other words, whatever change is 
made in the frequency of the second oscillator — which nor- 
mally operates at a fixed frequency — is reflected as an equal 
change in the final intermediate frequency. 

The significant thing about this is that AFC is made pos- 
sible by controlling the frequency of an oscillator which 
operates about a fixed frequency. In the conventional super- 
heterodyne, we saw that the AFC system in some of these 
receivers was operative only on the broadcast band, and that 
in others the constants of the oscillator control circuit had 
to be changed on the different bands so as to secure the de- 
sired degree of control over the entire frequency range covered 
by the receiver. This of course is due to the fact that the 
operation of AFC in these receivers is dependent upon control- 
ling the frequency of an oscillator which tunes over an ex- 
tremely wide range. 

Essentially, then, the use of the double superheterodyne 
principle makes it possible to obtain a uniform AFC action on 
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all bands by controlling the frequency of the second oscilla- 
tor — the fixed-frequency oscillator. Any error which may 
occur in the variable- tuned section, so that the signal going 
into the second detector is not exactly 465 kc, will be cor- 
rected by a change in the frequency of the fixed-frequency 
(365 kc) oscillator — with the result that the final output 
from the second detector will be the required 100-kc 
signal. . . . 

The Limiter Amplifier Stage. 

The block diagram in figure 69 shows the elements belong- 
ing to the AFC system in heavy black outline. The output 
of the last i-f stage is coupled to the grid of a so-called limiter 
amplifier stage which feeds the discriminator circuit. The 
control voltage produced by the discriminator is in turn fed 
to a 6J7 oscillator control tube which controls the frequency 
of the oscillator having a nominal frequency of 365 kc. 

There are a number of points of interest in this system and 
for this reason we have drawn the circuit in some detail in 
Fig. 70. Beginning at the output of the last i-f (100-kc) 
stage, you will note that a 5 0-mmf condenser attached to the 
primary winding of the last i-f transformer, is used to feed 
the 100-kc signal into the grid of the tube called the limiter 
amplifier. You will observe that the limiter amphfier is es- 
sentially another i-f stage which amplifies the signal before 
it is fed into the discriminator circuit. Although this stage 
does not receive any A VC voltage, it operates to provide an 
essentially constant output at the discriminator. On weak 
signals the full gain of the stage is available to bring up the 
signal fed to the discriminator, while on strong signals, the 
flow of grid current through the one-megohm grid leak acts 
to limit the gain so that the output of the tube cannot exceed 
a certain value. In this way, a more uniform AFC action is 
obtained on weak as well as strong signals. 

We need not comment on the discriminator circuit at this 
time, since we have already discussed it in a previous chapter 
(see Figs. 49 to 53). However, the oscillator control circuit 
incorporates a slightly different method for obtaining the 90° 
out-of -phase voltage which is required for the grid of the con- 
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tfol tube. As you will observe from the figure, a 75 -ohm 
resistor is placed in series with the inductive leg of the tuned 
circuit. Since this resistance is small in comparison with the 
inductive reactance of the coil L, it follows that the current 
through L and R, as well as the resulting voltage drop across 
R, will lag the voltage across the tuned circuit by approxi- 
mately 90°. 



Fig. 70. The double-superheterodyne AFC circuit employed in the West- 
inghouse Model ■\i7R-3iy receiver. The limiter amplifier, discriminator, 
and oscillator control circuits are shown in detail 


This 90° lagging voltage is fed over to the grid of the con- 
trol tube through a 50-mmf condenser and the grid of the con- 
trol tube is returned to the AFC bus through a one-megohm 
filter resistor. As a result of the lagging grid voltage, the 
control tube draws a plate current which lags the plate volt- 
age by 90° and therefore the control tube appears to the 
tuned circuit as an inductance. As before, the value of the 
inductance, which is reflected across the oscillator timed cir- 
cuit, varies in accordance with the mutual conductance of the 
control tube and this is in turn controlled by the magnitude 
and polarity of the AFC voltage. 

You will observe that the only difference between the oscil- 
lator control circuit described here and that shown in Fig. 
63, is the method by means of which the phase shift for the 
control-tube grid voltage is obtained. The former circuit 
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employs a phase shifting network in parallel with the tuned 
circuit, while the present circuit obtains the required phase 
shift by the incorporation of a resistance in the oscillator 
tuned circuit itself. 

Bear in mind that we are making no attempt to weigh the 
relative advantages of one type of circuit over those of an- 
other. We are interested primarily in setting forth the mode 
of operation of the circuits to be found in commercial re- 
ceivers, so that you will be able to service these circuits 
efficiently. 

Midwest 18-37. 

The schematic of the AFC system used in a number of Mid- 
west receivers, and specifically that used in the model 18-37, 
is reproduced in Fig. 71, because it embodies a number of in- 
teresting variations which have not as yet been covered. 

Beginning at the oscillator stage you will note that a Col- 
pitts circuit employing a split stator condenser is used, as in- 
dicated by Cl and C2 on the diagram. A shunt-fed circuit 
is employed, the plate voltage being applied to the 6C5 through 
a 50M-ohm resistor, while the feedback to the tuned circuit 
is through a .002-mf condenser. A 50-mmf condenser 
couples the oscillator voltage to the mixer grid of the 6L7 
tube which is used as the first detector. 

Turning our attention to the oscillator control stage, we 
note several features which are of interest. As in one of the 
other circuits, a combination of fixed and self bias is used 
on the 6J7 control tube, and the bleeder resistance connects 
from the junction of the two cathode resistors to the screen 
of the control tube. Of special interest in this connection is 
the tolerance specified for the 390-ohm cathode resistor which 
must be within the comparatively close value of 3%. The 
reason for the close tolerance of this resistor is that it carries 
the bleeder current and is therefore largely instrumental in 
determining the value of bias which is effective on the con- 
trol tube. On the other hand the value of the 500-ohm 
cathode resistor is not nearly so critical and bears the usual 
tolerance of 10 or 15%. Where it is necessary to replace the 
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other bleeder resistance of 15M-ohms (between the screen and 
the junction of the two cathode resistors) it is desirable to 
use a resistor having a tolerance of 5 or at most 10 per cent, 
since this resistor is also effective in determining the bias on 
the control tube. For example, a 5% error in the 15M-ohm 
bleeder resistor will cause approximately a 5 error in the 
voltage drop across the 390-ohm resistor much in the same 
way that a 5% error in the 390-ohm resistor will cause the 



Fig. 71. The AFC circuit employed in the Midwest Model 18-37 receiver. 
Note the special filter supplying the plate voltage to the oscillator control 
tube only. A Colpitts oscillator circuit is employed and a conventional 
discriminator circuit 


same error in the voltage drop between the same two points. 

As far as the grid excitation of the control tube is con- 
cerned, you will observe that the r-f grid voltage is obtained 
through the phase shifting network consisting of a 25M-ohm 
resistor and a 10-mmf condenser. The 300-mmf condenser 
serves as the grid blocking condenser, while the AFC voltage 
is fed to the grid through a lOOM-ohm resistor. 

The control tube is shunt fed through a resistor rather 
than through an r-f choke. Note also that the plate voltage 
of the control tube is obtained through a special resistive- 
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capacitive filter circuit which supplies only the control tube 
plate voltage and no other. The reason for this special ar- 
rangement is to avoid interaction between the oscillator fre- 
quency — as determined in part by the d-c plate voltage on the 
oscillator control tube — and the amount of audio output. 
The latter influences the oscillator frequency because the out- 
put of the ordinary power supply fluctuates in accordance 
with the plate current demand of the audio output tubes. 
Ordinarily, as explained in detail in Chapter VII, the effect of 
this interaction is to set up an unstable condition which is 
often accompanied by motorboating. By connecting the 
filter directly to the filament of the rectifier tube, the voltage 
drop across the filter choke no longer affects the voltage which 
is applied to the plate of the control tube and therefore this 
tendency toward motorboating is avoided. 

The discriminator circuit used in this receiver is quite con- 
ventional, being of the type which does not require an i-f 
choke. Since a separate detector and AVC circuit is used, 
no taps are in the discriminator to supply audio and AVC 
voltages. The AFC voltage is applied to the control tube 
through a 3 -megohm resistor which is by-passed at the con- 
trol tube end by a .05-mf condenser. 

The AFC amplifier circuit used in this circuit makes use of 
a separate tube to feed the discriminator. This tube receives 
its i-f voltage from the primary winding of the second i-f 
transformer and is controlled by the AVC system. Since two 
i-f stages are in this receiver, the plate circuit of the AFC 
amplifier stage is filtered to avoid the possibility of feedback 
and oscillation. This is the function of the 500-ohm resistor 
and the .05-mf condenser. 

AFC in G.E. Model FA-SO. 

An example of the application of AFC in automobile radio 
receivers is illustrated in the G.E. FA- 80 circuit shown in 
Fig. 72. Turning our attention to the discriminator circuit 
used in this receiver, we note a number of interesting varia- 
tions. A lOOM-ohm resistor is used to replace the i-f choke 
which is used at this point in the G.E. home receivers, while an 
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i-f filter consisting of a 47M-ohm resistor and two 250-inmf 
condensers prevents the i.f . from reaching the junction of the 
two 510M-ohm discriminator load resistors. The audio volt- 
age is taken from this point and it is consequently necessary 
to filter out the i-f signal voltage so as to prevent this from 
getting into the a-f ampUfier. 



Fig. 72. The AFC circuit used in the General Electric Model FA-80 auto 
receiver. An iron-core discriminator transformer with a self-tuned pri- 
mary and a triode oscillator control circuit are employed 


Permanence of the discriminator tuning adjustment presents 
a considerable problem in AFC design for auto radio receivers, 
since a slight change in the alignment of the discriminator 
circuit will result in extremely poor operation of the receiver 
and an especially low signal-to-noise ratio. These problems 
have been successfully solved in the G.E. FA- 80 receiver by 
using an iron-core discriminator transformer and a special 
type of fixed trimmer condenser. The inductance of the 
primary and secondary windings is txmed by movement of 
the iron cores and the transformer assembly is designed so 
that even extreme vibration will have no effect upon the in- 
ductance value. The primary winding is self-tuned, there 
being no trimmer condenser — while the secondary winding is 
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tuned by a special 55.5-mmf trimmer condenser. This trim- 
mer condenser consists of a single strip of mica which is silver 
plated on both sides, the plating forming the two electrodes 
of the condenser. Capacity variations due to temperature, 
humidity, and aging are reduced to a minimum through this 
form of construction so that permanence of the discriminator 
alignment is assured. 

It is worth mentioning that the discriminator does not 
supply the A VC voltage. The latter is secured from a diode, 
but a separate AVC diode, which receives its voltage from the 
primary winding of the discriminator transformer, is used. 
The 250-mmf coupling condenser feeds the signal into the 
diode section of the 6R7 driver, while a 1 -megohm resistor 
serves as the diode load. This arrangement makes it possible 
to obtain reduced selectivity in the AVC circuit. 

The oscillator is conventional and requires no special com- 
ment. As to the oscillator control stage, several interesting 
features are evident. To start with, a triode is used in place 
of the conventional screen grid tube. In accordance with 
usual practice, the plate of the oscillator control tube is con- 
nected to the oscillator tuned circuit through a limiting resist- 
ance of 9100 ohms, which has the further purpose in this re- 
ceiver of preventing the control tube from seriously damping 
the oscillator tuned circuit for high positive values of AFC 
voltage. The phase shifting circuit consists of a 39M-ohm 
resistor in series with a 1 5 -mmf condenser across the grid-to- 
cathode capacity of the control tube. As a result of the lag- 
ging r-f voltage which is thus applied to the grid of the con- 
trol tube, the triode plate circuit appears to the tuned circuit 
of the oscillator as a variable inductance the magnitude of 
which changes in accordance with the AFC voltage applied to 
the grid of the control tube. The remainder of the circuit is 
quite conventional. 

Grunow Models 12B, 12W. 

The essential portions of the AFC circuit used in this re- 
ceiver are shown in Fig. 73. Starting at the plate circuit of 
the second i-f tube, you will note that this is coupled to the 
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two diodes of the discriminator through a conventional split- 
secondary discriminator transformer. Since an i-f choke is 
not used in the discriminator, the junction of the two diode 
loads is not by-passed. The load resistance of the lower 
diode is in two sections, consisting of a 3 30M-ohm resistor 
and a 1 5 OM-ohm resistor. The function of these two resistors 
is to supply the proper amount of A VC voltage as well as the 
audio voltage. Since we are not especially interested in the 
a-f system at the moment, the tone compensating network, 



Fig. 73. The AFC circuit of the Grunow Model 12-B receiver. The 
discriminator circuit is conventional, but the control tube circuit differs 
from those previously discussed 


including the volume control, is omitted in this abridged 
schematic. In accordance with usual practice, the cathode of 
the upper AFC diode is by-passed to ground with a rather 
large condenser, in this case .4 mf. The AFC voltage de- 
veloped at this point is fed over to the grid of the 6J7 control 
tube through a 4 -meg resistor which is by-passed to ground 
at the control grid end by a .2-mf condenser. 

Two switches are provided across the AFC bus, one of 
which is designated as the AFC switch, while the other is 
called the Teledial switch. The purpose of the AFC switch 
is to short the AFC bus so that the AFC action can be 
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elimmated when it is desired to have manual operation of 
the receiver. The Teledial switch, on the other hand, is 
mounted directly on the dialing mechanism, and functions to 
short the AFC voltage momentarily, when the index pin as- 
sociated with the particular station being tuned strikes the 
stop pin. In this way the AFC system is made to take con- 
trol of the signal on the desired channel and is prevented from 
holding a considerably stronger signal on an adjacent channel 
in preference to the desired signal. 

The control tube circuit has several unusual features which 
merit mention. With reference to the arrangement of the 
6J7 circuit, you will note that a combination of fixed- and 
self -bias is used. The self -biasing action is secured by return- 
ing the cathode of the 6]7 to ground through two 500-ohm 
resistors, while the fixed bias effect is obtained by connecting 
a 14M-ohm resistor from the 110- volt tap on the voltage di- 
vider (screen of the 6J7) to the junction of the 500-ohm 
resistors. Since self -biasing of the control tube makes for sta- 
bility and independence of tube and voltage characteristics, 
while fixed bias increases the sensitivity of the control tube 
action (because degeneration due to the voltage drop across 
the cathode resistor is reduced), the combination of these 
two bias arrangements makes it possibile to obtain a stable 
control tube action without undue sacrifice of control tube 
sensitivity. 

Turning our attention to the oscillator circuit, we note 
that a 6A8 tube is used. The coupling to the control tube is 
different from the circuits which we have previously dis- 
cussed, in that the plate of the 6J7 control tube is connected 
across the feedback circuit of the oscillator rather than across 
the grid winding. For this reason it follows that the reflected 
reactance of the control tube is shunted across the feedback 
circuit rather than across the tuned circuit. The excitation to 
the control grid of the control tube is obtained by coupling 
the control grid to the r-f voltage present across the series 
oscillator paddcr through a network consisting of a 200-mmf 
condenser and a 300-ohm resistor. The final voltage applied 
to the control grid is the voltage across the 300-ohm resistor. 
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The phase relations existing across the various portions of this 
circuit through the band are rather complicated, but this 
much can be said: that the object of the unusual circuit ar- 
rangement is to secure as uniform a control action as possible 
over the broadcast band. 

More specifically the phase relations are as follows: the re^ 
actance of the series padder is small in comparison with that 
of the primary coil and therefore the current through thia 
branch lags the voltage across the tuned circuit by nearly 90°. 
The voltage across the series padder lags this current by 90°, 
bringing it 180° out of phase with the tuned circuit voltage. 
Since the reactance of the 200-mmf condenser is large in 
comparison with 300 ohms, the current in this circuit leads 
the voltage across the padder by nearly 90° and therefore the 
voltage at the grid of the 6J7, which is in phase with this 
current, lags the tuned circuit voltage by approximately 90°. 

Although this receiver has three bands, we have omitted 
the band switching arrangement and have shown only one 
hand. Since the AFC system functions only on the broadcast 
band, this procedure is entirely justified. 

Grunow Model 15W, 

The discriminator circuit employed in this receiver is es- 
sentially the same as that used in the Model 12B, so that to 
avoid duplication of material we have shown in Fig. 74 only 
the oscillator and oscillator control circuits which use a some- 
what different circuit. 

Turning our attention to the grid circuit of the control 
tube, we note that the tube receives its r-f excitation di- 
rectly from the r-f voltage present across the oscillator grid 
coil. Note, by the way, that the oscillator coil is tapped and 
connected to the cathode, so that feedback is provided through 
the cathode circuit and the need for a separate tickler wind- 
ing is eliminated. The phase shifting network in the grid 
circuit consists of a 75M-ohm resistor in series with a 10-mmf 
condenser, the capacity of the latter being increased by the 
normal grid-to-cathode capacity of the tube and associated 
wiring. 
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In contrast to the other control tube circuits which we 
have presented, the plate of the control tube is shunt fed 
through an r-f choke, the inductance of which is fairly high 
in comparison with the inductance of the oscillator grid coil. 
The variable inductance, which is built up across the plate 
circuit of the control tube because of the lagging grid excita- 
tion, is coupled to the tuned circuit of the oscillator through 
a .001-mfd condenser, as shown in Fig. 74. 



Fig. 74. The oscillator and oscillator control tube circuit o£ the Grunow 
Model 15-W receiver. Note the r-f choke in the plate circuit of the 
oscillator control tube 


Note that with this arrangement it is unnecessary to main- 
tain the grid coil of the oscillator above ground by the amount 
of plate voltage needed for the control tube. The operation 
of the Teledial and AFC switches is in accordance with the 
facts given in connection with the Model 12B receiver. 

RCA Model 812K. 

This receiver is interesting because it combines the features 
of AFC with those of the automatic tuning systems which 
were used on a number of receivers several years ago. In dis- 
cussing the system employed, we shall first consider the AFC 
circuit, which is quite conventional, and then later we shall 
discuss the tuning condenser motor drive. The latter ar- 
rangement makes it possible to tune in a desired station au- 
tomatically, merely by pressing the appropriate push button. 
As we explained briefly in the opening chapter, although the 
AFC circuit functions independently of the motor drive, it is 
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of great assistance in insuring correct tuning. Thus, after the 
motor drive tunes in the desired station automatically, within 
several kilocycles, the AFC circuit takes hold and corrects 
the tuning to within a small fraction of a kilocycle. 

Fig. 75 is a partial schematic of the receiver, showing the 
essential details of the discriminator and oscillator control 
circuits. Tracing the path of the signal as it leaves the plate 
circuit of the second i-f stage, we note that the signal feeds 
into the primary winding L20 of an iron-core transformer, 
tuned inductively so as to resonate at 460 kc, the i-f peak. 



Fig. 75. The AFC circuit of the RCA Model 812K receiver. Note espe- 
cially the explanation in the text of the tuning of the discriminator 
transformer windings 


The secondary winding, L21, of this transformer is likewise 
tuned inductively by movement of its iron core, but you will 
note that this tuned circuit is completed through an addi- 
tional winding L24, which is inductively coupled to a second 
i-f transformer. The small pickup winding L24 is sym- 
metrically located between the split primary winding L22 so 
as to form a balanced input to the discriminator. Essentially, 
the arrangement here shown is equivalent to the triple-tuned 
discriminator described in Chapter III. However, it differs 
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slightly from the arrangement there shown, in that an addi- 
tional winding L23 is used to resonate the input circuit to 
the i-f peak. 

At first glance it might appear that the tuning of the dis- 
criminator secondary could be accomplished by the movement 
of the iron core of L22. Actually, however, it is the function 
of this iron core to balance the two windings, so that each 
diode section of the discriminator transformer receives the 
same amount of inductively coupled i-f voltage. The ad- 
justment of L22 is therefore permanently set at the factory 
and ordinarily is not to be changed. The auxiliary winding 
L23, which is in shunt with L22, makes it possible to vary the 
total inductance in the final tuned circuit of the discrimina- 
tor transformer and hence to peak this circuit correctly. Note 
that the movement of the core of L23, which is necessary to 
obtain the proper tuning adjustment, does not influence the 
balancing of the circuit, since the latter remains fixed by the 
position of the iron core in L22. 

Of interest is the use of fixed trimmer condensers through- 
out the i-f amplifier and discriminator, the tuning of the 
several circuits being in every case accomplished by movement 
of the iron cores associated with each of the i-f coils. 

Turning our attention to the oscillator and oscillator 
control circuits, we note that a 6J7 with the screen and plate 
tied together is used as the oscillatof tube. Both for reasons 
of simplicity and because the AFC circuit is inoperative on 
all bands except the broadcast band, the wave-band switch 
connections have been omitted, and the circuit for the broad- 
cast band shown. Feedback for the oscillator is accomplished 
through the coil Ll3 in the cathode circuit, while the iron- 
core coil L-14 serves as the oscillator grid coil. The r-f volt- 
age appearing across the oscillator coil is fed over to the grid 
of the 6J7 oscillator control tube through a 470-mmf con- 
denser and a 120M-ohm resistor. This latter resistor, in com- 
bination with the grid-to-cathode capacity of the control 
tube, forms the phase shifting network to supply the lagging 
grid voltage. It may be noted that the 2-20 mmf condenser 
shown in the diagram functions to trim the oscillator at the 
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high-frequency end. The adjustment of the oscillator track- 
ing at the low-frequency end of the broadcast band is ac- 
complished by varying the inductance of L14, by moving its 
iron core. 

In addition to supplying AFC voltage, the discriminator 
supplies voltages for the tuning indicator, the AVC system, 
and the audio amplifier. The tuning indicator voltage and the 
AVC voltage are taken from the junction of the two discrimi- 
nator load resistors and passed on to the appropriate points 
through suitable resistor-condenser filters, so as to prevent 
interaction between the circuits and to provide the proper 
time constants, as discussed elsewhere in this book. 

An interesting feature of the circuit arrangement is that 
the minimum bias voltage for the controlled tubes is supplied 
through the AVC feed line. This is secured by returning 
the AVC feed line to a point on the voltage divider which is 
10.5 volts negative with respect to ground, and provides a 
minimum bias of approximately 3 volts to the several con- 
trolled tubes. The circuit arrangement is such that the 
discriminator functions in a normal manner and is not inter- 
fered with as a result of this negative bias voltage. 

^'Electric Tuning” Circuit. 

The electric tuning mechanism which provides automatic 
push button tuning in combination with AFC, consists essen- 
tially of a quick engaging and disengaging reversible electric 
motor, tuning condenser driving gear train, and eight me- 
chanically interlocked — ^pushing one button releases all the 
others — station selector push buttons. These push buttons are 
wired respectively to eight adjustable station selector contac- 
tor discs (each with a motor-stopping insulated segment) 
mounted on a drum which is direct-coupled to the gang tun- 
ing condenser shaft. The arrangement permits any one of 
eight pre-determined stations to be tuned in electrically by 
merely touching the correct button. 

We shall describe the operation of the circuit by reference 
to the skeleton diagram shown in Fig. 76, which shows the 
basic operation of the system employed to obtain electric 
tuning. Referring to the figure, you will note that a 24-volt 
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winding on the power transformer supplies voltage to the mo- 
tor which drives the tuning condenser. The circuit is com- 
pleted through push buttons normally in contact with metal 
discs, which are indicated in the figure as “Station Selector 
Discs.” Actually eight of these discs and push buttons are 
used in the receiver, but only two are shown in the figure, 
so as to simplify the diagram. 

The motor reversing switch shown in Fig. 76 is arranged 
so that when the tuning condenser reaches the two Emits of 
its rotation, that is, minimum and maximum capacity, the 
switch is thrown from one side to the other so as to reverse 
the direction of rotation of the motor. This is accompHshed 

Fig. 76. A simplified circuit 
of the push-button tuning 
system employed by RCA in 
those receivers with motor- 
driven tuning condensers 

by mounting the reversing switch on the tuning condenser 
shaft, and linking the switch mechanically so that a lever 
trips the switch when the condenser approaches either a fully 
meshed or unmeshed position. Suppose we assume for the 
moment that push button No. 1 is depressed. This completes 
the circuit, since a continuous path to ground is provided 
through the push button No. 1 and the station selector disc 
No. 1. Thus the motor will rotate and turn the tuning con- 
denser, until the contact on the disc reaches a point which 
carries an insulated segment. At this point the motor circuit 
is opened, and the motor stops. Since the disc is pre-set on 
the shaft to correspond to a certain station, the receiver is now 
tuned in to that station. 

The function of the reversing switch will be more clearly 
understood from the following consideration. Suppose that 
the receiver is tuned so that when the push button corre- 
sponding to the desired station is depressed, the motor rotates 
the tuning condenser away from the station in question. In 
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this case the motor will rotate the condenser until it is com- 
pletely meshed or unmeshed. At this point the reversing 
switch will be mechanically tripped, and the motor will rotate 
in the opposite direction until the insulated segment on the 
appropriate contactor disc is encountered. At this point the 
motor circuit is again broken, the motor comes to rest, and 
the desired station is tuned in. 

Although only two station selector discs and push buttons 
are shown in Fig. 76, a study of the circuit will make clear 
that any number of additional stations can be tuned in elec- 
trically by adding additional selector discs and push buttons in 
parallel with the two which are shown. In every case, each 
station selector disc must be pre-set so that its insulated seg- 
ment is under the contactor arm, when a station correspond- 
ing to the selector disc is accurately tuned in. 

The circuit arrangement used in this receiver lends itself 
readily to remote control tuning vdth a minimum of circuit 
complications. Referring to Fig. 77, a further elaboration of 
the basic circuit is shown, indicating how it is possible to 


Fig. 77. The addition of 
remote control tuning to the 
system of Fig. 76 is here 
shown in simplified form 


provide remote control operation. A separate remote control 
box, which contains a set of push buttons identically similar 
to those mounted on the receiver, is connected to the receiver 
through a cable of appropriate length. 

A three point switch is mounted in the receiver which 
makes possible either "Remote,” or "Manual” operation of the 
receiver. When the switch is thrown to the "Electric” posi- 
tion, the circuit of Fig. 77 becomes identical to that explained 
in connection with Fig. 76. When the switch is thrown to 
the "Remote” position the circuit is still the same as the cir- 
cuit of Fig. 76 with the exception, of course, that the push 
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buttons are located at some distance from the receiver cabinet. 
Tuning the receiver with the switch in the “Remote” position 
involves exactly the same circuit action and operation as 
when the switch is in the “Electric” position. With the switch 
in the “Manual” position, the motor is entirely disconnected 
from the circuit, and complete manual operation of the re- 
ceiver is provided. 

In the two preceding diagrams we have given only a bare 
outline of the operation of the electric tuning circuit. Hav- 
ing explained the basic method of operation, let us examine the 
circuit refinements which are incorporated in the receiver. 
We shall explain these with the aid of Fig. 78, which is a com- 
plete wiring diagram of the electric tuning circuit. 



Fig. 78. The complete wiring diagram of the RCA electric tuning system 


When the motor is not energized (that is, when a push 
button is not depressed so as to complete the circuit), the 
armature is pushed to the rear or slightly out of the magnetic 
center by means of a spring, and in this way the motor shaft 
is normally disengaged from the driving gear train connecting 
the motor to the tuning condenser. This makes possible ordi- 
nary manual tuning, which is independent of the motor drive 
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whenever the selector push buttons are not depressed. How- 
ever, as soon as a button is depressed (with the switch in 
"Electric” position), the motor circuit is completed through 
the station selector contact disc; as the motor starts, the 
armature is drawn forward because of solenoid action. In this 
way, the pin F on the end of the shaft is made to engage the 
tuning mechanism, so as to drive the tuning condenser. At 
the same time that the driving mechanism is engaged, the for- 
ward movement of the shaft grounds the contacts E and D 
(see Fig. 78) . As is shown in the diagram, these contacts are 
connected to the AFC diode cathode and the arm of the vol- 
ume control. As a result, the receiver is completely inopera- 
tive while the motor is rotating and the station is being tuned 
in. In addition, the AFC circuit does not function, because 
the AFC output is grounded. The first feature, of course, 
provides completely quiet tuning and effective interstation 
noise suppression, while the latter feature insures that the 
AFC circuit will take hold on the proper channel rather than 
on some adjacent channel, as explained elsewhere in this book. 

The "Manual-Electric-Remote” switch, one section of 
which was shown in Figs 76 and 77, appears somewhat more 
complicated in Fig. 78, in that it contains three sections, in- 
stead of just one. The reason for the additional sections is 
not difficult to understand. In the first place, the section in 
the upper left-hand corner corresponds to the section appearing 
in Figs. 76 and 77, and as we saw there, it functions to con- 
nect the motor to either the remote or receiver selector push 
buttons, or to disconnect the motor entirely when the switch 
is in the "Manual” position. The second or right-hand sec- 
tion of this switch is used to light the proper indicator bulb, 
depending upon the position of the switch. The third and 
lower section of this switch is merely an AFC switch. As 
you will note from the switch connections, this section con- 
nects to the AFC diode and shorts the discriminator output 
whenever the switch is in the "Manual” position. It follows, 
that the AFC circuit operates only when the electric tuning 
feature is used, and that it is inoperative when the receiver 
is tuned manually. 
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We have now completed a description of all the elements 
in Fig. 78. While the circuit appears considerably more com- 
plex than the elementary circuits shown in Figs. 76 and 77, 
this is in large part due to the complete sets of eight push 
buttons which are shown and the various connecting cables. 
If you have difficulty in following Fig. 78, we suggest that 
you use the preceding figures as a basis for tracing the con- 
nections. 

Before leaving this receiver, we want to emphasize that the 
electric tuning features and the AFC circuit in this receiver, 
as in all others which incorporate like systems, are essentially 
complementary systems. Thus, whereas it is the function of 
the motor drive to tune in the selected station to within a 
few kc, which is the accuracy imposed by mechanical limita- 
tions, it is the function of the AFC circuit to correct for the 
errors in tuning, and hence to provide distortionless reception. 
Essentially, the function of AFC in both electric and manual 
systems of tuning is the same. In the case of the one system, 
AFC corrects for errors in tuning introduced by the me- 
chanical limitations of the motor drive, while in the other 
case, AFC corrects for errors in tuning which are introduced 
by the operator in tuning in the station by hand. 

While space is not available in this book to describe com- 
pletely the rather elaborate system of gears and other mechan- 
ical linkages necessary to carry out the operation as described 
above, it is in order to point out the need for proper adjust- 
ment. The complete procedure for adjusting these receivers 
will be found in the manufacturer’s service notes (published 
in full in Rider Manuals) and these should be carefully fol- 
lowed. Of special importance is the need for the proper ad- 
justment of the station selector disc, so that each contactor 
will be properly centered over the appropriate insulated seg- 
ment, when the receiver is accurately tuned to the selected 
station. Failure to observe this precaution may lead to ad- 
jacent channel interference, and possible intermittent loss of 
control by the AFC circuit. 
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The Push-Pull Discriminator and Control Circuit. 

It is not surprising to find that the push-pull principle has 
been applied to automatic frequency control, when we con- 
sider the great many other circuits in which it has been used 
successfully. 

The block diagram in Fig. 79 shows the arrangement of 


Fig. 79. A block diagram 
showing the essential parts 
of a push-pull AFC circuit 
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the components in a push-pull AFC circuit. Note that two 
oscillator control tubes are used and that the circuit is other- 
wise similar to the conventional AFC circuit. For reasons 
which we shall explain later on, both grids of the oscillator 
control tubes are excited in phase with respect to each other, 
and the lagging voltage which is required to make these tubes 
appear either as an inductance or capacitance across the tuned 
circuit, is obtained from a suitable point in the oscillator cir- 
cuit. This is indicated on the diagram which shows a voltage 
being fed back from the oscillator circuit to each of the oscil- 
lator control stages. 

Before we go into more detail as to the actual mode of 
operation, it is convenient to refer to a more complete circuit, 
and for this purpose, we shall analyze the operation of the 
AFC system used in the Philco Model 37-116, which is shown 
in Fig. 80. This receiver employs a push-pull AFC circuit in 
which the AFC is operative on all the wave bands. 

In tracing the operation of this circuit let us begin at the 
output of the second i-f stage. As the figure shows, an un- 
tuned winding on the i-f transformer feeds the i-f signal into 
a separate i-f stage, which functions to amplify the voltage 
fed to the discriminator. The center-tap on the secondary of 
the discriminator transformer winding is returned directly 
to the junction of the two 490M-ohm load resistors, and 
since no i-f choke is used, this junction is not by-passed. Note 
further that the cathodes of the two diodes used in the dis- 
criminator are each by-passed symmetrically to ground. This 
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is in contrast to the previous discriminator circuit, where the 
upper diode load is generally by-passed to ground with a .1-mf 
or 1-mf condenser, while the lower load resistor is generally 
grounded or connected to a suitable point on the voltage 
divider. 



Fig. 80. The AFC circuit employed in the Philco Model 37-116 


A further point of departure in the discriminator circuit 
is that two 1 -megohm resistors are shunted across the output 
of the discriminator, and that their junction is connected to 
ground. Because of this arrangement, you can readily see that 
the voltage at points M and N will be equal but opposite in 
polarity. For example, suppose that as a result of inaccurate 
tuning, the discriminator develops a d-c voltage across Rl 
which is equal to 40 volts, and a voltage across R2 which is 
equal to 3 0 volts. If we like, we can replace these voltages by 
batteries and this has been done in Fig 81. As a result of the 
voltages present across Rl and R2, current will flow through 
R3 and R4. This current is due to the net voltage acting in 
the circuit which in turn, is equal to the difference in the 
voltage of the two batteries. Thus, the net voltage acting in 
the circuit is 10 volts and, since R3 is equal to R4, there is a 
5 -volt drop across R3, and a 5 -volt drop across R4. Further- 
more, the AFC voltage at point M, which feeds the one con- 
trol tube, is positive with respect to ground, while that at point 
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N, which feeds the other control tube, is negative. (In this 
simple illustration we have assumed that the batteries have no 
internal resistance; this assumption is justified because the 
principle of operation remains the same regardless of the 
value of internal resistance.) 

Similarly, if the receiver were detuned by the same amount 
in the reverse direction, then the relative voltages across Rl 
and R2 would also be reversed, so that point M would become 
5 volts negative with respect to ground, while point N would 
become 5 volts positive with respect to ground. In other 
words, the relative polarity of the voltages supplied to the 
two control tubes is reversed on either side of resonance. Fig. 
82 indicates the reversal of polarity which takes place when 
the receiver is detuned by an equal amount in the reverse 
direction. 

For the case in which the receiver is tuned accurately, 
there is of course no net voltage in the circuit, so that points 
M and N are both at ground potential, and therefore zero 
control voltage is fed to each oscillator control tube. It is 
now clear why it is necessary to use the two additional re- 




Figs. 81 and 82 . The action in a push-pull discriminator circuit is here 
indicated when the receiver is detuned above resonance, Fig. 81 , and below 
resonance. Fig. 82 , The diode load resistors have been replaced by batteries 
to simplify the explanation 

sistors R3 and R4 in order to obtain this symmetrical division 
of AFC voltage. 

Continuing with the complete circuit shown in Fig. 80, 
you will note that two additional filter resistors are used in 
each leg, and that a .8-mf condenser is shunted across the 
two AFC leads. The purpose of this condenser is to remove 
the audio voltage and at the same time to increase the time 
constant of the AFC circuit. In addition to the .8-mf con- 
denser, there is an additional .1-mf condenser from each AFC 
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lead to ground. The grids of the oscillator control tubes are 
each connected to their respective AFC lead through a 99M- 
ohm resistor. This connection provides the only d-c return 
path for the grids of the control tubes. 

As a result of the connections which we have explained 
up to this point, the control tubes (the two triode sections 
of the 6N7G) receive an AFC voltage from the discriminator, 
which corresponds to the condition of tuning of the receiver. 
Before the oscillator control circuit can function, however, 
it is necessary to feed an out-of -phase voltage from the oscil- 
lator to the grids of the control tubes. In this way the plate 
circuits of the control tubes are made to appear to the oscilla- 
tor timed circuit, across which they are connected, as variable 
reactances. This was explained fully in the chapter on 
oscillator control circuits. The out-of -phase voltage for the 
grids of the control tubes is obtained from the oscillator 
circuit in the following manner. 

You will observe that the plate of the 6A8G oscillator tube 
is connected to ground through a so-called control impedance 
which has a different value for each of the wave bands. On 
the broadcast band this control impedance takes the form 
of a series tuned circuit which is permanently tuned to 2650 
kc. The d-c plate voltage is fed through a lOM-ohm resistor 
which as far as r-f is concerned shunts the control impedance 
through a .05-mf condenser. The oscillator plate current 
flowing through this capacitive control impedance develops 
an r-f voltage across this impedance. On the short-wave 
bands, the control impedance is still capacitive, but consists 
of a condenser, rather than a complete series tuned circuit. 
This r-f voltage is fed to the two control grids through the 
two 250-mmf condensers and is of such phase that it lags 
the voltage across the oscillator tuned circuit by 90°. The 
99M-ohm filter resistors prevent the short circuiting of this 
r-f voltage by the filter condensers. 

At first glance it might seem that each of the control tubes 
appears to the tuned circuit as a reflected inductance, which 
is what we found to be the case in the single oscillator-con- 
trol-tube circuit. However, you will note that the plates of 
the two tubes are connected across points in the tuned circuit 
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which are 180 ° apart in phase, with the result that one tube 
draws a lagging current while the other control tube draws 
a leading current with respect to the voltages at the points 
across which they are respectively connected. . As a result of 
these connections, one tube appears to the tuned circuit as 
an inductance — and therefore tends to raise the frequency 
of oscillation, while the other tube appears as a capacity — 
and therefore tends to lower the frequency of oscillation. 

In the special case where the receiver is accurately tuned, 
the d-c grid voltage at each tube is equal to zero. It follows 
that the bias on each tube is equal to the common cathode 
voltage, and therefore the amount of reflected capacitive re- 
actance is exactly equal to the amount of reflected inductive 
reactance. For this reason the frequency of the oscillator is 
not changed because the tendency of the one control tube to 
speed up or raise the frequency of the oscillator is exactly can- 
celled by the tendency of the other control tube to slow down 
or lower the frequency of the oscillator. 

Suppose, however, that we take the case in which the 
receiver is detuned on one side of the correct setting, and 
that as a result a positive control voltage equal to 5 volts is 
applied to the grid of control tube No. 1, which reflects an 
inductance across the oscillator tuned circuit. At the same 
time a negative voltage equal to 5 volts is applied to control 
tube No. 2 which reflects a capacity across the oscillator tuned 
circuit. 

As you know from a previous chapter, the effect of a de- 
crease in bias (a more positive bias) is to produce a smaller 
amount of reflected reactance, regardless of whether this hap- 
pens to be inductive or capacitive in nature. In this case, 
then, the positive voltage on the grid of control tube No. 1 
will make this tube reflect a smaller value of inductive react- 
ance across the tuned circuit, while the negative voltage on 
the grid of control tube No. 2 will result in an equal increase 
in the reflected capacitive reactance across the tuned circuit. 
In other words, as a result of the AFC voltage produced by 
the detuned condition of the receiver, the one tube reflects a 
smaller amount of inductance, while the other tube reflects 
a smaller amount of capacity across the tuned circuit. Both 
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of these actions tend to increase the frequency of the oscil- 
lator. In other words, a true push-pull action is obtained, in 
that the equilibrium, which exists when no control voltage is 
applied, is upset and each tube helps to raise the oscillator fre- 
quency until it is brought to the correct value. 

Similarly, if the oscillator frequency happens to be too high 
instead of too low, then the AFC voltage applied to the con- 
trol tubes causes the amount of reflected inductance to in- 
crease, and the amount of reflected capacity to increase. 
Again, both of these actions combine to lower the frequency 
of the oscillator to the correct value. 

While the push-pull circuit is more complicated than the 
single tube type, it offers certain advantages. Thus, when the 
AFC action is shorted out by means of the switch which con- 
nects the two AFC leads to ground, the frequency of the 
oscillator is not affected by the actual value of the d-c cathode 
and plate voltages applied to the oscillator control tubes. 

For example, any change in the grid bias voltage (the volt- 
age drop across the 6N7G cathode resistor), or in the plate 
voltage, affects both control tubes to the same extent, so that 
there is no change in the frequency of the oscillator and in 
the calibration of the receiver. For this same reason, the push- 
pull control circuit is less susceptible to frequency modulation, 
and the consequent introduction of hum into the audio output 
as a result of hum voltages in the control tube circuit. 

Push-Pull AFC Using the Pentagrid Converter 

In Philco receivers which use a 6A8G as a combined first 
detector and oscillator, a modified type of control circuit is 
used. The complete AFC circuit shown in Fig. 83 and used 
in the Philco models 37-9, 37-10 and 37-11, is typical of this 
arrangement. 

Note that the discriminator circuit is essentially the same 
as that just described in connection with the model 37-116. 
As far as the control circuit is concerned, however, there are 
a number of points of difference. In the first place, the 
out-of-phase oscillator voltage is obtained from the 8 5 -ohm 
resistance in series with the low-frequency oscillator padder. 
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This is fed to the grids of the 6N7G through the two 110- 
mmf condensers. 

This voltage is amplified in the two sections of 6N7G, and 
as a result of the inductive coupling between Ll and L2-L3, a 
positive or negative reactance (an inductance or capacitance) 
is reflected into the tuned circuit so as to control the fre- 
quency of oscillation. In the special case where the receiver 
is tuned accurately, and the AFC voltage is zero, the r-f 
current through L2 is exactly equal to that through L3. 
Since these currents flow in opposite directions through the 
two halves of the plate winding, the voltage induced in Ll 
by L2 is exactly cancelled by that induced by L3, so that 
the oscillator frequency remains unchanged. 



Fig. 83. The AFC circuit used in the Philco Models 37-9, 37-10, and 

37-11 


However, when the bias voltages are different (due to in- 
accurate tuning), the r-f current through L2 is different 
from that through L3, so that inductance or capacity is re- 
flected into the oscillator tuned circuit. In this way, the 
oscillator frequency is returned to a value which corresponds 
to correct tuning. 

The reason for the use of two switches in the discriminator 
circuit requires some comment. The switch designated as 
S2 shorts each of the AFC leads to ground and is used when- 
ever it is desired to turn off the AFC action. On the other 
hand. Si is contained in the automatic tuning dial and is so 
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arranged that the two AFC leads are shorted momentarily, 
just as the tuning condenser is brought to the proper position. 
In this way, the control voltage is not applied to the control 
tube until the tuning condenser has reached the proper posi- 
tion, so that the automatic frequency control will lock the 
oscillator frequency on the proper channel and not on some 
adjacent channel. If this switch were omitted, there would 
be a possibility of the AFC taking control of the oscillator 
frequency and locking it so as to receive a considerably 
stronger signal on an adjacent channel. 

Flash Tuning. 

The tuning system used in certain Sears-Roebuck receivers 
is of interest. The AFC circuit which is used in these re- 
ceivers is itself quite conventional, but the tuning arrange- 
ment makes use of a system of call letters which are disposed 
around the outer circumference of the dial and which become 
illuminated as the station is tuned in. The conventional 
knob arrangement is used for tuning purposes. The name 
"Flash Tuning” originates of course from the fact that the 
call letters "flash” or become illuminated as the station is 
tuned in. 

The heart of the tuning system is a semicircular toothed 
disc which is fixed to the chassis. Referring to Fig. 84, you 
will note that the teeth on this disc engage a small rounded 
projection which is fastened to a flat spring arm. Thus as 
the tuning knob is rotated, the projection or contact on the 
spring arm moves over the teeth on the semicircular disc. 
As the figure shows, not all the teeth on this disc are bent 
up so as to engage the contact on the spring arm, but only 
those are bent up which correspond to the position of the 
tuning condenser for the stations selected for Flash Tuning. 

A simplified diagram of the basic circuit used is shown in 
Fig. 85. The heater winding on the power transformer is 
connected in series with a flash tuning light and the primary 
winding of a step-up transformer, which is designated as the 
AFC transformer. The toothed disc and contact arm, which 
have just been described, are connected across the primary 
winding of the AFC transformer so that when the contact 



COMMERCIAL AFC CIRCUITS 


lOI 


arm engages one of the bent-up teeth, the primary winding 
of the AFC transformer is short circuited. 

The operation of the circuit is as follows: When a station 
which has been set up for Flash Tuning is tuned in, the con- 
tact arm engages the toothed disc so that a current flow 
through the flash tuning lamp takes place, since the contact 
completes this circuit to ground through the toothed disc. 
In addition to lighting the flash tuning lamp, the contact 
arm short circuits the primary winding of the AFC trans- 
former so that no voltage appears across this transformer. 
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Fig. 84. The bent-up teeth of the semi-circular toothed disc engage the 
contact on the movable arm, which is attached to the condenser shaft. 
When this contact is made the flash tuning circuit is closed, lighting the 
lamp that travels with the arm and so illuminating the call letters of the 
station to which the set is tuned 

Fig. 85. A simplified diagram of the Sears-Roebuck flash tuning system. 
The muting effect is explained in the text 


On the other hand, between the teeth which are bent 
up, that is, between the stations which are set up for Flash 
Tuning, the full voltage of the heater winding appears across 
the primary winding of the AFC transformer, since the im- 
pedance of the primary winding is high in comparison with 
the resistance of the lamp. As a further consequence of the 
high impedance of the primary winding, the bulb does not 
light except when the contact arm engages one of the 
grounded bent-up teeth. With the full heater voltage im- 
pressed across the AFC transformer, this voltage is stepped 
up and finally rectified by one of the diode sections of the 
first a-f tube, a 6Q7G. This diode voltage of approximately 
60 volts is applied to the suppressor grids of the r-f and i-f 
tubes and to the control grid of the second a-f tube to pro- 
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vide interstation noise suppression or muting. Note that this 
muting action is removed as soon as a station set up for flash 
tuning is tuned in, since the toothed disc and contact arm 
short circuit the primary so that no muting voltage is de- 
veloped. 

The muting circuit functions only when the receiver is set 
for Flash Tuning reception. Under normal operating condi- 
tions, a section of the Flash Tuning switch removes the block- 
ing voltage so that it is possible to receive other stations be- 
sides those set up on the toothed disc. 

You will recall that we mentioned in the case of automatic 
dial tuning arrangements that an auxiliary switch is provided 
on the dial assembly so as to short circuit the AFC voltage 
momentarily as the station is tuned in. The purpose of this 
arrangement is to prevent a strong station on an adjacent 
channel from taking control of the oscillator and preventing 
the reception of the desired station. In this same connection 
the muting circuit described here accomplishes the same pur- 
pose automatically. When the receiver is being tuned, the 
muting action not only blocks the receiver — because of the 
bias applied to the suppressor grids of the r-f and i-f stages — 
but also blocks the AFC circuit. Furthermore, the AFC 
action is not operative until the desired station is tuned in 
as indicated by the short circuiting of the primary winding 
of the AFC transformer and the lighting of the Flash Tuning 
lamp. For this reason the AFC action cannot take control 
over the oscillator until the station is tuned in and then of 
course the AFC circuit keeps the station tuned in exactly. 
It is clear then that the muting arrangement has a dual func- 
tion; (1) to provide interstation noise suppression, and (2) 
to prevent the AFC system from functioning until the de- 
sired station is tuned in. 

Low-Frequency Discriminator System. 

A new AFC system which may be used in the future is 
shown herewith. The distinguishing feature of this new cir- 
cuit is that a separate AFC channel is employed in which the 
normal intermediate frequency of approximately 450 kc is 
converted to approximately 50 kc before it is applied to the 



COMMERCIAL AFC CIRCUITS 


103 

discriminator. The control voltage produced by the discri- 
minator (working at 50 kc) is then applied to the oscillator 
control tube which functions to control the oscillator fre- 
quency in the ordinary manner. 

A typical receiver circuit embodying this development is 
shown in Fig. 8 5 A. Note that the upper part of the figure 
represents a conventional superheterodyne receiver, in which 
the antenna, r-f, second detector and audio circuits are shown 
in block form. The 6A8 tube in the upper left corner is used 



Fig. SSA. A new AFC system using a separate low-frequency i-f channel 
to feed the discriminator 


to convert the signal frequency to the intermediate frequency 
of 450 kc; in order to show its relation to the control tube 
circuit, the oscillator section is shown in some detail. The r-f 
grid voltage for the 6J7 control tube is secured from the 
voltage drop across the 70 -ohm resistor in the oscillator tuned 
circuit, as we had occasion to explain in connection with 
several other circuits previously described. The remainder of 
the control tube circuit is quite conventional and hardly re- 
quires comment here. 

So far we find that the receiver circuit proper including the 
oscillator and the oscillator control stages are representative 
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of usual design practice. When we reach the plate circuit of 
the last i-f tube, however, we note that the 450-kc i-f signal 
is coupled through a 2 5 -mmf condenser to the grid of another 
6A8 tube. This tube acts as a frequency converter, the first 
section of the tube being used as an oscillator working at 
500 kc or 50 kc higher than the regular i.f. The 500-kc 
voltage mixes with the 450-kc i-f signal and, as a result, a 
50-kc voltage equal to the difference frequency is developed 
across the primary winding of the discriminator transformer 
in the plate circuit of the tube. 

Not only does this stage function to convert the i.f. from 
450 kc to 50 kc, but it also acts to maintain the voltage ap- 
plied to the discriminator input at a fairly constant level for 
practically all useful signals. The 2 -megohm grid leak re- 
turned to ground provides a self -biasing arrangement for 
strong signals, and further uniformity in the output of the 
6A8 converter tube is secured because of the relatively high 
impedance in the plate circuit. Both of these factors act to 
provide a substantially constant voltage to the discriminator 
circuit for all signals exceeding about one volt on the grid of 
the 6A8 converter-limiter tube. 

A variable cathode resistor is used on the control tube to 
allow adjustment of the cathode voltage by giving an initial 
bias in the middle of the control characteristic so that a sym- 
metrical oscillator frequency characteristic may be secured 
for equal positive and negative changes in control voltage. 
This adjustment varies somewhat for different tubes and in 
actual practice the 800-ohm resistor would of course be made 
up of a fixed resistor in series with a small variable second 
resistor, as previously mentioned in connection with one of 
the other circuits described in this book. 

In the design of the discriminator transformer, the first two 
tuned circuits are relatively loosely coupled, so that the 
maximum net bias voltage developed by the discriminator is 
within the limits of voltage effective in causing variation of 
the mutual conductance of the control tube. This is done so 
as to enable the control to release immediately, once the signal 
channel carrier is shifted to the limit set by the discriminator 
peak spacing. Where a 6j7 control tube is used, the desired 
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range of control is secured with a grid voltage variation over 
the range from zero to minus 10 volts. Thus the maximum 
net discriminator voltage should be less than 5 volts so that 
the control tube is never biased beyond cut-off and its grid 
never goes positive. 

In the design of the oscillator control circuit, the 70-ohm 
resistance in the oscillator tuned circuit provides the r-f grid 
voltage for the 6J7 control tube. Changing the value of this 
resistance varies the extent of the oscillator control action. 
In practice, it is desirable to maintain a substantially uniform 
oscillator frequency control of about plus or minus 10 kc over 
the broadcast band; this usually calls for a value of resistance 
in the tuned circuit of approximately 70 ohms. The effect of 
excessive resistance in the tuned circuit is to reduce the ampli- 
tude of oscillation at the low-frequency end of the band at 
the same time that the oscillator control action is increased. 
The condensers in the grid and plate circuits of the control 
tube are merely blocking condensers to confine the d-c 
voltages to the desired paths. 

It should be pointed out that the proper aUgnment of the 
fixed oscillator circuit, which operates at approximately 500 
kc, is of extreme importance. Improper alignment of this 
part of the circuit will seriously impair the performance of 
the receiver and the highest grade components are used in the 
tuned circuit of this oscillator in order to insure permanence 
of adjustment. 



Chapter VI 

ALIGNING AFC CIRCUITS 

T he most important consideration in the alignment of 
receivers equipped with automatic frequency control 
is that by far the greater part of the alignment proce- 
dure is identical with that associated with receivers not so 
equipped. All the existing rules of good aHgnment practice 
are still applicable and should be observed. Expressed in a 
slightly different manner, AFC alignment is an operation 
which is supplementary to the regular alignment procedure. 
However, so important is it that improper adjustment of the 
AFC circuit trimmers will result in the production of distor- 
tion, faulty dial calibration, and generally unsatisfactory per- 
formance. 

The new principles which are involved in the alignment of 
AFC circuits are not diflScult to understand inasmuch as we 
have gone over the manner in which these circuits operate in 
great detail. As a matter of fact the steps which are in- 
corporated in the alignment procedures which follow are a 
logical consequence of the functions which the various com- 
ponents perform. 

As a general rule it can be said that the alignment of AFC 
circuits, as used at the present time, involves only two ad- 
justments and that of these two only one is really critical. 
These two are respectively the primary and secondary adjust- 
ments of the discriminator transformer, which we shall for 
convenience denote as Cp and Cs. When these trimmers are 
adjusted properly, that is, so that the primary and secondary 
are resonant at the intermediate frequency, then a discrim- 
inator characteristic such as shown in Fig. 86 is produced. We 
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have already discussed the significance of this curve and so it is 
hardly necessary to go into this again. For the present we 
are more interested in the effect which the adjustment of the 
trimmers has upon the shape of this discriminator char- 
acteristic. It should be emphasized that it is the shape of this 
curve and not its polarity with which we are at present con- 
cerned, since the relative polarity on both sides of the resonant 
frequency depends upon the nature of the oscillator control 
circuit. 

Suppose that the primary trimmer is not tuned exactly to 
the i-f peak. What effect will this have upon the shape of 
the control voltage characteristic? The most obvious effect 
of this detuning of the primary circuit of the discriminator 
is that the control voltage variation will not be symmetrical 
about the i-f peak; that is, the voltage produced on one side 
of the i-f peak will be greater than that produced on the 
other side of the peak. A characteristic of this type is shown 



Figs. 86, 87, and 88. In Fig. 86 is shown the discriminator output char- 
acteristic when the circuit is correctly aligned. When the primary trim- 
mer is misaligned, the characteristic of Fig. 87 results and when the 
secondary trimmer is misaligned that of Fig. 88 is produced. Note that 
misalignment of the primary results in a change of shape in the curve 
whereas an incorrect adjustment of the secondary trimmer results in zero 
control voltage being produced at a frequency different from the i-f peak 


in Fig. 87. Note that the effect of this uneven control is 
to increase the range of the AFC action on one side of reso- 
nance and to decrease correspondingly the effectiveness of the 
control for detuning on the other side of resonance. Such a 
condition is obviously undesirable since it decreases the effec- 
tiveness of the AFC circuit in compensating for errors in 
tuning and oscillator drift. 
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An inaccurate adjustment of the secondary trimmer of the 
discriminator is far more serious than a corresponding error 
in the adjustment of the primary trimmer. Let us see just 
why this should be so. If you will recall, we showed in the 
chapter on the discriminator that zero AFC voltage is pro- 
duced by the discriminator when the applied signal frequency 
is equal to the resonant frequency of the secondary winding. 
Note especially that the primary tuning does not enter into 
this. As a direct result of the dependence of the zero control 
voltage point upon the resonant frequency of the secondary 
tuned circuit, any error in this adjustment will shift the 
entire discriminator characteristic so that zero AFC voltage 
will occur not at the i-f peak, but at the resonant frequency 
of the secondary instead. This condition is shown in Fig. 88. 
It is not diflScult to see the effect that this will have upon 
the operation of the receiver. Instead of the AFC circuit 
acting to keep the signal so that it will always pass through 
the i-f amplifier at the i-f peak, the AFC circuit will act to 
detune the receiver automatically by the amount that the 
secondary winding is detuned from the i-f peak. This will 
happen regardless of how accurately the receiver is tuned by 
the operator. We need hardly repeat here that this condition 
is undesirable because of the distortion and asymmetrical 
control which it produces. 

Galvanometer Alignment of Primary and Secondary Trimmers. 

There are many satisfactory ways in which the discrimina- 
tor can be aligned and the choice of methods will in general 
depend upon the type of receiver circuit and the equipment 
which is available. Indirect as well as direct methods can be 
used but because the direct methods are simpler to describe 
and understand, we shall consider them first. 

We stated that correct alignment of the discriminator is 
effected when the discriminator characteristic shown in Fig. 
86 is obtained. For this purpose it is convenient then to con- 
nect a center scale microammeter or galvanometer, as it is 
called, across the two cathodes of the discriminator rectifiers. 
Generally one of these cathodes will be grounded so that one 
post on the galvanometer can be connected directly to the 
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chassis. Where one of the cathodes is not grounded, however, 
it is desirable to make the low potential connection directly to 
the cathode. The galvanometer must be used in series with a 
high resistance, of the order of lOOM ohms, in order to avoid 
excessive loading on the tuned circuit. Essentially the gal- 
vanometer and series resistance then function as a high resist- 
ance center-scale voltmeter. 

The signal generator should be connected through a .05 -mf 
condenser to the grid of the tube which works into the dis- 
criminator. With the signal generator and galvanometer con- 
nected as shown in Fig. 89, the method of procedure is as 



Fig. 89. The signal generator and the output indicator connections used 
during AFC alignment are shown in heavy lines 


follows: Adjust the signal generator frequency to the i-f 
peak. The AFC switch must be in the "on” position for the 
adjustments which follow. Increase the output of the signal 
generator until the galvanometer shows a deflection of about 
half scale on one side of the zero mark. Then adjust the 
primary discriminator trimmer so that the deflection of the 
galvanometer is greatest. If the galvanometer tends to go off 
scale during this operation, then decrease the output of the 
signal generator so as to keep the pointer on scale. The adjust- 
ment of the primary trimmer is completed when the greatest 
deflection is obtained. It need not be touched again. 

It may happen that it is impossible to obtain a reasonable 
deflection of the galvanometer needle even though the output 
of the signal generator is suflSciently great. This is due to the 
fact that the secondary trimmer is adjusted to exact resonance 
with the signal so that zero AFC voltage is produced. WTien 
this occurs, it is only necessary to, change the setting of the 
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secondary trimmer slightly so as to increase the deflection. 
The same procedure indicated in the preceding paragraph is 
then followed to complete the adjustment of the primary 
trimmer. It is only very seldom that this will happen since 
with a sensitive galvanometer, only a slight departure from 
resonance is necessary to secure a reasonable deflection. 

The adjustment of the secondary trimmer follows directly 
upon that of the primary trimmer. With the signal generator 
and galvanometer connections unchanged, the procedure is 
to adjust the secondary trimmer for zero deflection. This 
may not necessarily coincide with the actual zero on the 
galvanometer scale, but is the reading with no voltage across 
the galvanometer. The accuracy of the adjustment can be 
checked by turning the AFC switch off and noting whether 
there is any deflection of the galvanometer. If there is, then 
further adjustment of the secondary trimmer should be made 
until there is no motion of the galvanometer needle when the 
AFC switch is turned off. 

To one who manipulates the secondary AFC trimmer for 
the first time, this highly critical adjustment will come as a 
considerable surprise. For this reason we consider it desirable 
to devote some space to the best method for accomplishing 
this important adjustment. In the first place, when making 
this adjustment for zero voltage, there will be, in general, 
three positions which give zero voltage output. One of these 
adjustments occurs when the trimmer capacity is at a mini- 
mum — the second occurs at maximum capacity, while the 
third occurs for a position approximately half way between 
the first two. The minimum and maximum capacity settings 
of the trimmer are incorrect adjustments and should be 
avoided. The correct adjustment can always be easily recog- 
nized because of the fact that the galvanometer reading 
changes rapidly from plus to minus for a slight change in the 
trimmer setting. 

When the approximate setting of this trimmer is obtained, 
the accurate adjustment is made by carefully setting the 
trimmer so that the galvanometer reading returns to zero. A 
convenient way to regulate the sensitivity of the adjustment 
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is by adjusting the output of the signal generator. In this 
way injury to the galvanometer can be avoided. The pro- 
cedure is to start with a low value of signal input until the 
approximate adjustment is made, and then to raise the output 
of the signal generator so as to make possible the most ac- 
curate setting of the secondary trimmer. The final adjust- 
ment of the secondary trimmer completes the AFC alignment. 

Galvanometer Sensitivity. 

A few remarks about the sensitivity of the galvanometer 
which is required in the above procedure are in order. In- 
struments having a range of 100 microamperes on either side 
of the center zero have been found to be entirely satisfactory 
and to have a sensitivity adequate to insure an accurate adjust- 
ment of the secondary trimmer. It goes almost without say- 
ing that such galvanometers are not as a general rule part of 
the equipment of service laboratories. Considering the Hmited 
use which a meter of this type has, and considering its rela- 
tively high cost, it becomes questionable whether such an 
investment is worth while. This becomes all the more true 
when we consider that there are alternative methods available 
which are capable of producing fully as accurate an adjust- 
ment of the AFC circuit. 

The Yacuum-Tube Yoltmeter Method. 

Basically the vacuum-tube voltmeter method employs a 
procedure which is identical to that just described, with the 
one exception that the indicator is a vacuum-tube voltmeter 
rather than a galvanometer. The vacuum-tube voltmeter 
method has certain advantages over the galvanometer method, 
outstanding among which is the fact that the vacuum-tube 
voltmeter is more generally available than the galvanometer. 
Nor should it be thought for one moment that the vacuum- 
tube voltmeter method is less sensitive than the galvanometer 
method, since the reverse is generally true. The vacuum-tube 
voltmeter method has the further advantage that it draws 
no current from the discriminator circuit and therefore has 
no damping effect upon the circuits. 
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In connecting the vacuum-tube voltmeter across the dis- 
criminator load resistors, it is especially important, where an 
a-c operated instrument is used, that the grounded side of the 
vacuum-tube voltmeter be connected to the grounded or low 
side of R2 in Fig. 89. The high side of the vacuum-tube 
voltmeter is of course connected to the AFC bus. Since a 
center-scale instrument is desirable, it is convenient to set the 
zero adjustment of the vacuum-tube voltmeter so that the 
meter reads approximately in the center of the low voltage 
range (about 1.5 volts). The latitude of the zero adjustment 
will generally be sufficiently great to permit this. However, 
where it is not possible to bring the meter to approximately 
middle scale, a small flashlight cell, with a high-resistance 
potentiometer (about lOOM ohms) across it can be used to 
accomplish the same purpose. The connections are shown in 
Fig. 90. We emphasize that this is necessary only where the 



Fig. 90. The potentiometer 
should be adjusted so that the 
meter indicates about middle 
scale with the leads shorted. 
This is unnecessary if the zero 
adjustment of the V.T.V.M. 
can locate the needle at about 
middle scale on the lowest 
range 


zero adjustment is insufficient to bring the needle near the 
center of the scale. 

With the needle in this approximate position, the adjustment 
of the primary trimmer is made for maximum deflection (in 
either direction) while the secondary trimmer is adjusted so 
that there is no change in the reading when the AFC switch 
is turned off. The suggestions made in connection with the 
galvanometer alignment are equally applicable here. 


The Control-Tube Current Method. 

Outstanding among the methods which make possible an 
adjustment of the AFC circuit through indirect methods, and 
without the use of special equipment, is that which we are 
now going to describe. Essentially this method employs the 
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oscillator control tube as a vacuum-tube voltmeter and for 
this reason the procedure is almost identical to that described 
in connection with the vacuum-tube voltmeter method. 

The first step is to open the cathode circuit of the control 
tube and to insert a 0-5 ma. d-c meter so that it will measure 
the total cathode current. The normal reading of this meter 
with the AFC switch off will be in the neighborhood of 2 mil- 
liamperes and it will of course change as the AFC switch is 
turned on, depending upon the value of the control voltage 
which is supplied by the discriminator. For positive values of 
control voltage the reading will increase, while for negative 
values of control voltage, the reading will decrease. The vari- 
ation of the cathode current with the AFC voltage is shown in 
Fig. 91. 



Fig. 91. The cathode current of the os- 
cillator control tube depends on the 
AFC voltage. This variation is utilized 
in AFC alignment as explained in the 
text 


In using this method the signal generator is connected to 
the grid of the tube working into the discriminator trans- 
former. With the AFC switch on, and the frequency of the 
signal generator set at the i-f peak, the output of the signal 
generator is advanced until the reading of the cathode current 
changes. The primary trimmer on the discriminator should 
next be adjusted so that the maximum deviation from the 
initial reading is obtained. If too large a value of input signal 
is used it will not be possible to peak the primary accurately. 
The remedy is to reduce the input so that the trimmer can 
be peaked sharply for maximum deflection. 

It sometimes happens that the secondary trimmer is so far 
out of adjustment that no appreciable change in the control 
tube current occurs as the primary trimmer setting is varied. 
This can be remedied by making a preliminary adjustment of 
the secondary trimmer so that it is set at approximately the 
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middle of its capacity range. This setting can be recognized 
by the fact that the oscillator plate current will rise and fall 
very rapidly as the secondary trimmer is varied through this 
range. With the secondary trimmer adjusted approximately, 
it will then be possible to go back and adjust the primary 
trimmer accurately for maximum deflection. The secondary 
trimmer should not be accurately adjusted before the adjust- 
ment of the primary trimmer is made, since this will make 
it impossible to obtain an appreciable change in the meter 
reading as the setting of the primary trimmer is varied. 

After the primary trimmer is accurately adjusted, the ad- 
justment of the secondary trimmer is made by peaking it so 
that the cathode current of the control tube returns to the 
value which it had with the AFC switch in the "off” position. 
This adjustment is critical and should be carefully made. 
Turn the AFC switch off and note whether the current 
changes. If it does, repeat the adjustment of the secondary 
trimmer until no change is noted when the AFC switch is 
turned off. 

The Two-Signal Method. 

An alternative method which can be used to effect a per- 
fect alignment of the AFC system makes use of two signals. 
The procedure is as follows: Couple one signal generator to 
the antenna, set its frequency to some point in the broadcast 
band, and tune the receiver carefully to this signal. The AFC 
switch should be in the "off” position while these adjustments 
are made. Now couple another signal generator to the grid 
of the mixer tube through a small condenser having a ca- 
pacity of about 20 mmf. It is convenient to clip the signal 
generator lead to the rubber insulation of the grid clip and 
the capacity thus formed is generally sufficiently great for the 
purpose. Set the second signal generator at a frequency equal 
to the i-f peak, turn the modulation switch off, and advance 
the output until a beat is heard between the two signals. The 
receiver tuning should now be changed slightly so as to re- 
duce the frequency of the beat to zero. The setting of the 
second signal generator should not be disturbed. 
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Now switch on the AFC and the frequency of the beat 
note will increase from its zero value as a result. The pri- 
mary trimmer is now adjusted so that the frequency of the 
beat note is increased to a maximum. In other words, as the 
setting of the primary trimmer is varied, the pitch of the beat 
note will change. The correct adjustment is indicated when 
the beat note has the maximum pitch. This adjustment should 
be fairly sharp, and in the event that the pitch of the beat 
note is too high to permit an accurate adjustment, then the 
strength of the signal which is fed to the antenna post of the 
receiver should be reduced. This may fail when a limiter 
tube is used, in which event one of the alternative methods 
should be used. 

It is important to keep the output of the second signal gen- 
erator as low as possible. Its output should be sufficiently 
great so that the beat note is just comfortably audible with 
the volume control fully advanced. Larger values of output 
should not be used. 

The secondary trimmer should next be adjusted so that the 
frequency of the beat note, which was previously adjusted 
for maximum pitch, is returned to zero. In other words, by 
adjusting Cs to zero beat, that adjustment of the discriminator 
which gives zero control voltage is obtained. As usual there 
will be three settings of Cs which produce zero beat and it is 
especially important that the correct setting be chosen. The 
settings which occur with Cs set at maximum and minimum 
capacity are incorrect and should be guarded against. The 
correct setting occurs for some intermediate value and can 
easily be recognized because of the rapid change in the beat 
note which takes place in this region. 

The accuracy of the setting can be checked by throwing 
the AFC switch off and noting whether any change from 
zero beat takes place. If there is an appreciable change 
(greater than 100 cycles), then the adjustment should be 
repeated. 

The most obvious objection to this method is that two 
signal generators are not generally available. However, this 
difficulty can be overcome by tuning in a local broadcast 
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station and using this signal to replace the signal generator 
which is normally connected to the antenna post of the re- 
ceiver. In the event that the signal strength of this station 
is too high with the antenna used, it is convenient to insert 
various values of resistance (the half -watt carbon type) in 
series with the antenna until the proper signal input is ob- 
tained. The input signal should be great enough to overcome 
the background noise, but preferably no greater. The rest 
of the procedure is identical with the above and the fact that 
the broadcast signal is modulated, whereas the signal generator 
which it replaces is tmmodulated, does not cause any difficulty 
since the beat note can be easily recognized in spite of the 
modulation. 

Alignment of Push-Pull Circuits. 

The alignment of push-pull AFC circuits ordinarily presents 
no special difficulty since the procedure is similar to that used 
in the case of ordinary AFC circuits. However, in using the 
control-tube current method, an important modification must 
be made in the procedure. 

You will recall that in this method a milliameter is inserted 
in series with the cathode circuit. Since in operation equal 
and opposite voltages are applied to the twin control tubes, it 
follows that the total cathode current of the control tube 
remains essentially constant and independent of the actual 
AFC voltage which is applied to its grids. To get around this 
constancy of the cathode current, one of the tubes should be 
temporarily disconnected from the discriminator, and it will 
then be possible to correlate the cathode current with the 
condition of tuning of the discriminator. A convenient way 
of disconnecting one of the tubes is to remove the lead to 
the control grid of one of the control tubes, and to connect 
this grid to ground temporarily while the AFC adjustments 
are being carried out. 

To avoid the necessity for both opening the cathode 
circuit of the control tube and making the above changes 
in the grid circuit, we recommend that one of the alternative 
methods of alignment, which has already been described, be 



ALIGNING AFC CIRCUITS 117 

used in preference to this method. No modification in the 
alignment procedure is necessary when using any of the other 
methods on push-pull circuits, and they are generally more 
convenient to use than the control-tube current method. Note 
that the reference which is made to the output of the dis- 
criminator in the preceding sections of this chapter should 
be understood to mean, in the case of push-pull circuits, either 
side of the center-tapped discriminator output. 

The Visual Alignment Method. 

We are including a description of the method of using the 
cathode-ray oscillograph and the frequency-modulated signal 
generator to align the AFC circuit primarily because of a 
desire on ovur part to make this book as complete as possible. 

Where you desire to use visual equipment for AFC align- 
ment, because this equipment was used in connection with 
the alignment of the i-f amplifier — and is therefore com- 
pletely set up — then the procedure is as follows: Connect the 
frequency-modulated signal generator to the grid of the i-f 
tube and leave the frequency setting at the same value as that 
which was used in aligning the i-f amplifier. This is extremely 
important and should be carefully observed. Connect the 
vertical deflection post on the oscillograph to the ungrovmded 
cathode of the discriminator diode. The large condenser 
which bypasses this point to ground must be temporarily dis- 
connected. However, the small by-pass condenser (about 
200 mmf) which is sometimes connected close to the cathode 
is essential and should not be removed. If such a condenser is 
not used in the particular receiver being aligned, one should be 
temporarily connected during the alignment procedure. The 
synchronizing connections between the sweep and the fre- 
quency-modulated signal generator will vary, depending upon 
the type of equipment which is used. These connections, of 
course, remain exactly the same as for the alignment of the i-f 
amplifier. 

It is assumed in using the visual method that the primary 
discriminator trimmer has already been adjusted in connection 
with the i-f amplifier alignment. The adjustment can be 
made more accurately by making use of its effect upon either 
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the audio output or upon the A VC action. Where a separate 
channel is provided for the AFC system, the above will not be 
true. In this case the primary discriminator trimmer should 
be adjusted at the same time that this channel is aligned. At 
any rate it is not recommended that the primary trimmer be 
adjusted by noting its effect upon the S-shaped discriminator 
characteristic which appears on the screen of the cathode-ray 
tube. 

The signal generator should be connected to the grid of the 
first i-f tube through the usual blocking condenser of about 
.05 mf. Assuming that the AFC afignment is perfect, and 
that the double image type of equipment is being used, then 
the curve shown in Fig. 92 will appear upon the screen of 
the oscillograph. Note that this pattern consists of the 
familiar discriminator characteristic, shown in Fig. 86; be- 
cause of the fact that the image is traced out by both a for- 
ward and reverse frequency sweep, both an erect and an 
inverted trace of this characteristic appear. 



Figs. 92 and 93. The oscillogram of Fig. 92, left, is the type of pattern 
obtained when the discriminator trimmers are correctly adjusted. The 
effect of an incorrect adjustment of the secondary trimmer is shown in 

Fig. 93 

Correct adjustment of the secondary trimmer is Indicated, 
as Fig. 92 shows, when the two traces intersect symmetrically 
so that their intersection lies on the zero axis. The signifi- 
cance of this is that the zero control voltage is produced at 
the i-f peak which is equal to the periodic frequency. 
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The effect of an incorrect setting of the secondary trimmer 
is indicated in Fig. 93. As we explained at the opening of 
this chapter, incorrect tuning of Cs shifts the response of the 
discriminator so that zero AFC voltage is produced not at the 
i-f peak but instead at the frequency to which the secondary 
happens to be tuned. The change from the correct condition 
shown in Fig. 93 is due to only a sHght change in the setting 
of the secondary trimmer from resonance. Since a relatively 
small displacement of the two curves means an appreciable 
error in the tuning of the secondary circuit, too much care 
cannot be exercised. The by-pass condenser which was tem- 
porarily disconnected should be replaced when the adjustment 
is completed. 

A word of caution as to the type of trace which can be 
expected for different receivers and under different conditions 
is in order. The type of pattern will be found to vary widely, 
because the amount of selectivity which precedes the dis- 
criminator has an important bearing on the exact shape of the 
trace appearing on the screen of the cathode-ray tube. Where 
the selectivity of the circuit is high, the outer sections of the 
trace will tend to be close to the zero axis line; while if the 
selectivity of the preceding circuits is comparatively small, 
the outer portions of the trace will be offset considerably from 
the zero axis. In every case where an i-f transformer precedes 
the discriminator, this transformer must be accurately peaked 
to avoid destroying the symmetry of the trace. Regardless of 
the exact shape of the curve, the method of making the ad- 
justment of the secondary trimmer follows along the lines 
indicated in the previous paragraph. 

It is not our intention to devote space in this book to a 
discussion of the method of operation of visual alignment 
systems. If you are not familiar with this subject, a com- 
plete description of the various systems of visual alignment, 
using the cathode-ray oscillograph and the frequency-modu- 
lated signal generator, will be found in "The Cathode-Ray 
Tube at Work” by Rider. 
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Alignment of Iron Core Dhcriminators, 

Throughout this chapter on alignment we have referred to 
the adjustment of the primary and secondary trimmers as the 
paeans for securing the proper alignment of the discriminator 
circuit. As we had occasion to discuss in the chapter dealing 
with commercial receiver circuits, there are a number of 
receivers which use fixed condensers in the discriminator cir- 
cuits. For these receivers, the tuning of the primary and 
secondary circuits of the discriminator is accomplished by 
adjustment of the inductances in the tuned circuits, rather 
than the capacities across these inductances. In accordance 
with conventional practice, the variation of the inductance 
associated with each of the windings is accomplished by mov- 
ing its iron core. 

No change in the ahgnment procedure is of course neces- 
sary for these receivers using iron core discriminator trans- 
formers, but you should bear in mind that wherever the 
instructions in this chapter call of the adjustment of the 
primary trimmer, it is the core associated with the primary 
winding which must be adjusted. In like manner, wherever 
the instructions call for the adjustment of the secondary 
trimmer, it is the secondary inductance which must be ad- 
justed. As a further illustration of the equivalence of induct- 
ance variation with that of trimmer variation, you should 
understand that the effect of misalignment of the primary 
and secondary trimmers, as described previously (see Figs. 
86-88), is equivalent to that which would be caused by a 
misalignment of the primary and secondary inductances of the 
discriminator transformer. 

Radio-Frequency and Oscillator Alignment. 

As we pointed out in an early part of this chapter, the align" 
ment of the AFC circuit is a relatively small, but nevertheless 
important, part of the complete alignment procedure. After 
the alignment of the i-f amplifier and the discriminator has 
been completed, the oscillator and the radio-frequency sections 
should be aligned in accordance with conventional practice. 
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By this we mean that the procedure from this point on is ex- 
actly the same as though the receiver were not equipped with 
AFC. In this connection it is of the utmost importance that 
the AFC switch be in the "off” position for these adjustments, 
in order to prevent the AFC action from compensating for 
errors in the alignment of the oscillator circuit. Since the 
procedure does not differ from that ordinarily required for 
oscillator and r-f alignment, we are not including details on 
the manner in which this is accomphshed. This subject is 
completely covered elsewhere, as, for example, in "An Hour 
a Day with Rider on Resonance and Alignment” by this 
author. 

Alignment of Commercial Receiver Circuits. 

We have discussed in general terms the methods which 
make possible the alignment of AFC circuits. The principles 
which have been explained in this chapter are general prin- 
ciples which are applicable to all receivers and should be 
understood because of their basic and fundamental nature. 
However, before leaving this subject of alignment, we should 
like to consider some of the circuits which are being used in 
commercial receivers and to show how the general principles 
of AFC alignment are applied to specific receivers. For more 
complete alignment of specific receivers equipped with AFC, 
we refer you to "Rider’s Manuals” Volumes VII and VIII. 

Vhilco 37-9, 37-10, 37-11. 

That part of the AFC circuit of these receivers which is 
of interest from an alignment viewpoint is shown in Fig. 94. 
Note that the discriminator transformer is a three-winding 
transformer, containing a primary winding which is coupled 
to the second detector winding and to the center-tapped AFC 
winding. These circuits are tuned respectively by the trim- 
mers Cl, C2 and C3. 

Now the question arises as to the most convenient method 
for effecting the AFC alignment of this receiver. An inspec- 
tion of the circuit will show you that Cl and C2 can be 
aligned in the conventional way using an ordinary output 
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meter connected to the voice coil or to the output tube, since 
these two windings function to feed the i-f signal to the 
second detector. In other words Cl and C2 are peaked for 
maximum output, exactly in the same manner as if the set 
were not equipped with AFC and just as though there were 
no additional center-tapped winding on the last i-f trans- 
former. In making these two adjustments, the output of 
the signal generator must be kept at a low value so as to 
prevent the A VC action from making it impossible to peak 
the trimmers sharply. 


2^'’ PET 



Fig. 94. Trimmers Cl and C3 are the AFC adjustments in the Philco 
Model 37-9 receiver 


The adjustment of C3, the secondary trimmer of the dis- 
criminator transformer, can be made in any one of a number 
of ways. If the control-tube current method is used, it is 
highly important that the AFC lead feeding the grid of one 
of the Mode sections of the control tube be removed tem- 
porarily and that grid grounded while C5 is being adjusted. 

Any of the other methods described previously for the 
adjustment of the secondary trimmer can also be used for 
the alignment of C3. 

Fhilco 37-116, 37-675, 37-690. 

The discriminator circuit used in these receivers is shown 
in Fig. 95. The chief point of interest in this circuit from 
an alignment viewpoint is that the i-f signal voltage which 
is fed to the AVC diode is obtained from the i-f voltage 
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developed across the primary winding of the AFC discrimi- 
nator transformer. This furnishes a convenient method for 
the alignment of the primary discriminator trimmer Cp. 

The procedure is to align the receiver completely in the 
usual manner, with the AFC switch in the "off” position. 
Then feed a strong signal into the first detector at the i-f 
peak and adjust Cp for minimu'm output. It is important 


Fig. 95. Cp and Cs are the 
AFC adjustments required in 
the Philco Model 37-116 re- 
ceiver 



that a strong signal be used so as to insure that the AVC 
system will function. It will be necessary to retard the vol- 
ume control to prevent the audio amplifier from being over- 
loaded. 

The adjustment of the secondary trimmer Cs follows along 
conventional lines, any one of the previous procedures being 
applicable. Since this receiver uses a push-pull control circuit, 
the usual steps must be taken if the control-tube current 
method is chosen — the AFC lead to the grid of one of the 
tubes must be disconnected and the grid of that section 
grounded temporarily. 

Crosley Model 1316. 

The AFC circuit of this receiver is shown in Fig. 68. Since 
the AVC voltage is obtained from the discriminator circuit, 
it follows that the alignment of the primary trimmer can be 
most easily carried out in the manner just described for the 
previous receiver. 

If the control-tube current method is used to align the 
secondary trimmer, the manufacturer recommends that a 
0-5 ma. meter be inserted in series with the cathode of 
the 6J7. The bias voltage on this tube should previously be 
adjusted to 4.8 volts with the AFC switch in the off position. 
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To check the performance of the AFC circiiit, it is recom- 
mended that a local station in the neighborhood of 1400 kc 
be tuned in with the AFC switch off. There should be no 
change in the character of the signal when the AFC switch 
is turned on, and furthermore it should be possible to detune 
the receiver about IS kc on either side of the station frequency 
without any appreciable change in the signal. 

Sears-Koebuck Receivers. 

The discriminator circuit used in these receivers was shown 
in Fig. 54. We suggest that you refer back to the figure 
which is shown there in connection with the alignment pro- 
cedure which we shall now describe. 

Inasmuch as this discriminator supplies the audio voltage, a 
convenient way to align the trimmers Cl and C2 is to feed 
a signal at the i-f peak into the grid of the i-f tube and to 
adjust Cl and C2 for maximum output, as indicated by an 
output meter connected across the voice coil or the plate of 
the output tube. A signal just strong enough to give a rea- 
sonable reading should be used so as to prevent the A VC 
action from occurring. 

The alignment of the secondary trimmer can be made by 
any one of the conventional methods previously described. 

The manufacturer suggests that the performance of the 
receiver be checked in the following manner: Connect the 
output of a signal generator, which is adjusted to give a modu- 
lated signal at 1000 kc, to the antenna of the receiver through 
a .00025-mf. condenser. Adjust the output of the signal 
generator to 5000 microvolts, and connect an output meter 
across the speaker voice coil. With the AFC switch off, tune 
the receiver sharply for maximum output. Then reduce the 
volume control setting until the output meter reads 1.5 volts. 
Now turn on the AFC. 

With this setup, the frequency of the signal generator 
should be decreased imtil the reading of the output meter drops 
to .5 volt and the frequency setting corresponding to this 
condition noted. Similarly the frequency of the signal gen- 
erator should be advanced above 1000 kc until the output 
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again drops to .5 volt, and the frequency at which this occurs 
noted. 

If the AFC is operating properly, then the signal generator 
frequency can be shifted about 15 kc on either side of 1000 
kc before the output drops from 1.5 volts to .5 volt. 

While the above illustrates the performance of the Sears- 
Roebuck model 4587 receiver, it can be taken roughly as a 
guide of what can be expected from other receivers employ- 
ing similar AFC circuits. 

Westinghouse WR-315. 

At first glance it might seem that the alignment of this 
receiver would be difficult because of the double superhetero- 
dyne principle which is used. However, this is not so since 
the alignment of the AFC circuit is no different in this re- 
ceiver from that in a simple superheterodyne. Referring to 
Fig. 70, the alignment is effected by feeding a 100-kc signal 
into the grid of the limiter tube and adjusting the primary 
trimmer Cp for the greatest AFC voltage. This can be meas- 
ured either with a galvanometer across the AFC bus, by means 
of a vacuum-tube voltmeter, or by means of the control-tube 
current method. Regardless of the method which is employed, 
the primary trimmer should be adjusted for maximum de- 
flection of the indicator in either the positive or negative 
direction. 

After Cp is adjusted, Cs is aligned by adjusting it so that 
the AFC voltage drops to zero. It is suggested that you read 
the section in the first part of this chapter which pertains to 
the type of indicator which is being used. 

All the remaining alignment adjustments in this receiver 
should of course be made with the AFC switch in the "off” 
position. 

Determination of Primary and Secondary Discriminator 
Trimmers. 

It will sometimes happen that the service data available for 
a given receiver do not contain information which makes it 
possible to distinguish the primary trimmer of the discrimina- 
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tor transformer from the secondary trimmer. In these cases 
the following simple check makes it possible to determine 
which is the secondary trimmer and which is the primary 
trimmer, so that the alignment procedure can be properly 
carried out. 

Tune in a signal with the AFC switch in the "on” position 
and touch a metal screwdriver to each of the trimmers in 
turn. In the case of the secondary trimmer there will be a 
marked change in the output of the receiver, while there will 
be only a relatively small effect in the case of the primary 
trimmer. Of course, the metal screwdriver should be used 
only for this check, and the final adjustment should be made 
with a non-metallic screwdriver. 

In the case of trimmers with insulated adjusting screws or 
transformers with movable iron cores, the above method will 
not work. In these cases the two adjustments must be dis- 
tinguished from each other by noting the effect which they 
have upon the indicator being used. This in general is not 
difficult since the effect of the secondary adjustment is con- 
siderably greater than that of the primary. 

Alignment Precautions. 

By way of summary we have tabulated below a number 
of precautions which should be observed in connection with 
the ahgnment of AFC circuits. 

1. The receiver should be turned on 15 minutes before it is 
aligned, to allow it to reach its normal operating tem- 
perature. 

2. The alignment of the r-f, oscillator, and i-f amplifiers 
must be made in the conventional way with the AFC 
switch in the "off” position. 

3. The same frequency setting of the signal generator 
which is used to align the i-f amplifier, must be used to 
align the discriminator. 

4. There are generally three adjustments of the secondary 
discriminator trimmer which will give the proper indi- 
cation. These occur with the trimmer set at maximum 
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capacity, at minimum capacity, and at some intermediate 
position. The last adjustment is the correct one and 
can be easily recognized because of the critical control 
which it has over the AFC voltage. 

5. The oscillator control tube should not be changed once 
the alignment has been completed, as a tube having a 
different mutual conductance will change the dial cali- 
bration. Some sets provide a cathode bias adjustment to 
compensate for such variations. 

6. Inadequate AFC action and failure of the dial to track 
may be due to low mutual conductance of the oscillator 
control tube — try another tube. 

7. It is desirable that all alignment operations, including 
those with the AFC switch in the "off” position, be 
made with the line voltage set at a value which cor- 
responds to the average line voltage experienced at the 
customer’s home. Failure to observe this precaution may 
result in poor dial calibration and asymmetrical control. 
This is especially important in the case of control circuits 
which use a fixed value of bias voltage on the control 
tube, rather than a self-biasing arrangement. 

Setting up AFC Stations. 

Many AFC equipped receivers are provided with automatic 
dialing arrangements, one of which is shown in Fig. 96 . The 


Fig. 96. A typical dial used with an AFC 
equipped receiver. Similar dialing arrange- 
ments, which differ in certain mechanical 
features, are used in many AFC receivers 

Courtesy of Fairbanks, Morse S' Co. 
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purpose of this type of tuning arrangement, which resembles 
a telephone dial, is to simplify tuning by substituting rapid 
dialing of the station for the otherwise comparatively careful 
setting of the tuning control which is necessary in receivers 
not equipped with AFC. It goes almost without saying, that 
all receivers which have AFC circuits do not have a dialing 
arrangement, although the tendency in the newer receivers is 
toward the use of an automatic dialing or push-button 
arrangement. 

As is evident from Fig. only a limited number of sta- 
tions can be tuned in through the use of the dial arrange- 
ment. It follows, then, that a choice must be made as to 
which stations will be selected so that they can be tuned in 
through the use of the dial. In general this choice falls upon 
the serviceman installing the receiver, who should keep certain 
important considerations in mind. 

It is a general characteristic of AFC systems, as we had 
occasion to point out elsewhere in this book, that the AFC 
action is generally more effective in correcting a given error in 
tuning in the case of a strong station than in the case of a weak 
station. In fact, on very weak signals, the AFC action can- 
not be relied upon to correct for errors in tuning to any great 
extent and there is always considerable chance of a stronger 
signal on an adjacent channel taking control of the oscillator 
and preventing the reception of the weaker signal which hap- 
pens to be the one that is desired. To avoid this effect, the 
stations which are picked out for automatic dialing should all 
be strong, preferably local, stations which give good daylight 
reception. Weaker stations which do not give consistently 
good reception and with signal levels not well above the noise 
level should be avoided as choices for automatic dialing. 
These weaker stations can of course be tuned in the conven- 
tional way, with the AFC on in most cases (see exceptions to 
this later), by using the regular tuning knob which is pro- 
vided in conjunction with the automatic dialing arrangement. 

As a general rule, the number of stops provided is sufficient 
so that none of the local stations to which the customer fre- 
quently listens will have to be omitted from the automatic 
dialing provision. The exact procedure which is to be used 
in setting up stations varies considerably for the different 
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makes of receivers, and it is beyond the scope of this book to 
supply complete information as to the mechanical steps re- 
quired in setting up these stations. This material is suppUed 
in the Rider Manuals which contain the manufacturers’ de- 
tailed instructions. We strongly suggest that these instruc- 
tions be referred to when working on a particular model for 
the first time. 

Apart from certain mechanical and electrical features which 
are different for different makes of receivers, there are a num- 
ber of points which are generally applicable regardless of the 
make of receiver which is being set up for AFC dialing. 

Before going ahead with the setting up of the stations it is 
desirable to check the calibration of the receiver over several 
points on the broadcast band, preferably by noting the points 
at which the several strong local stations come in. The AFC 
switch should be in the off position for this operation and the 
dial should check with the known station frequencies to 
within five kc — at least in the more expensive receivers. In 
lower priced receivers a 10-kc variation is permissible. If the 
calibration of the receiver is poor, then the alignment should 
be rechecked. 

Setting up Stations 10 kc Apart. 

Ordinarily it is not advisable to set up stations for auto- 
matic dialing which are separated by less than 20 kc since 
there is a tendency for the automatic control to jump from 
one station to another depending upon the relative strength 
of the two stations and the position in which the tuning con- 
denser is left after the automatic dialing. However, in some 
localities it may happen that there are two fairly strong sta- 
tions which the customer wishes to have set up and which 
are separated by only 10 kc. In cases of this sort a special 
procedure is required. 

Where the two stations are of approximately the same 
strength, it is advisable to stagger the stations by a few kc 
from the position called for by the frequency of the stations. 
For example, suppose that the two station frequencies are 
810 kc and 820 kc. As Fig. 97 shows, the tuning dial should 
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be adjusted so that the 810 kc station is tuned in at 807 kc, 
while the 820 kc station is tuned in with the dial reading at 
approximately 823 kc. In this way the dial separation be- 
tween the two stations is increased from 10 kc to 16 kc and 
the likelihood of the control slipping from one station to the 
other is correspondingly reduced. 
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Fig. 97. When setting up two 
equally strong stations which 
are only 10 kc apart, they 
should be staggered as indi- 
cated on the left 


Fig. 98. When setting up a 
weak and a strong station, the 
weaker (820 kc) should be 
set exactly and the stronger 
should be staggered two or 
three kilocycles 
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It should be observed that there is no distortion introduced 
as a result of the mistuning since the AFC action is capable 
of correcting for the mistuning of 3 kc in each station. This 
mistuning of course takes place only when the station is 
tuned automatically and does not occur when the AFC 
switch is off and the station is tuned in in the conventional 
way. 

Where the two stations which are to be set up are not of 
the same strength, it is advisable to use a slightly different 
procedure. If we suppose that the 810 kc station, to use the 
same illustration, is considerably stronger than the 820 kc sta- 
tion, then it is advisable to offset the adjustment of the 
stronger station, but to set up the weaker station in the usual 
manner. As Fig. 98 shows, the 810 kc station should be 
staggered 3 kc and therefore set up at 807 kc, while the 820 
kc station would be set up at exactly 820 kc. 

Again this procedure has as its aim the maximum separa- 
tion between the two stations. But, in this case, where one 
station is considerably stronger than the other, it is desirable 
to offset only the stronger station because the AFC action is 
more effective on the stronger station than it is on the weaker 
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station. If the weaker station were offset, there would be 
more of a tendency for the AFC to lose control of the weaker 
station and possibly, as the receiver adjustments aged, recep- 
tion of the weaker station might become distorted. 

Performance of Circuit. 

In connection with the setting up of stations, it may be of 
interest to cite a few facts concerning the performance of 
AFC circuits. The facts which follow are associated with 
one particular receiver, but you will find that they are in 
great measure apphcable to the majority of receivers. 

Assuming that a receiver is mistuned by say 3 kc, the AFC 
action will bring the receiver into tune so that the i-f signal 
deviates by less than 50 cycles from the i-f peak. This is for 
an input signal of the order of 1000 microvolts. For weaker 
signals the degree of control is correspondingly smaller and 
similarly for stronger signals the deviation from the correct 
value is even less than 50 cycles. For example, at 100 mi- 
crovolts input, the number of cycles off resonance is approxi- 
mately 400 cycles, while above 1000 microvolts the degree of 
mistuning is approximately constant at 40 cycles. 

For greater amounts of mistuning, the deviation of the i-f 
signal carrier from the correct value is proportional to the 
degree of mistuning. Thus, for 6 kc away from resonance, 
the deviation of the carrier is 80 cycles whereas it was 40 
cycles for a mistuning of 3 kc. Similarly, for a mistuning of 
9 kc the tuning is corrected to within approximately 120 
cycles. 

As we mentioned in the opening chapter of this book, it 
should be kept in mind that AFC overcomes the undesirable 
effects of inaccurate tuning only insofar as the i-f ampfifier 
is concerned. The r-f and detector tuned circuits are not 
automatically corrected and for this reason it is important 
that errors in manual timing be kept to a minimum. There- 
fore, when the error in tuning is as high as 8 or 10 kc, then 
even though the AFC action is effective in correcting the 
oscillator frequency, the asymmetry and mistuning of the r-f 
circuits may be sufficiently great so that serious distortion is 
introduced. 



Chapter VII 

SERVICING AFC SYSTEMS 

T he servicing of receivers equipped with AFC presents 
certain new problems which can be best met by con- 
sidering them — ^insofar as possible — apart from the 
rest of the receiver. It has been found advantageous in track- 
ing down trouble in AFC circuits to look upon the receiver 
as being composed of two distinct and, for the most part, 
separate units — the one unit being the complete receiver ex- 
clusive of the AFC circuit, and the second unit being the 
AFC circuit. With this convenient separation, it should be 
made a general practice to see that the receiver is functioning 
properly with the AFC switch in the "off” position before any 
attempt is made to correct an apparent fault in the AFC cir- 
cuit proper. Since an AFC-equipped receiver with the AFC 
switch in the "off” position corresponds almost exactly to a 
conventional receiver, the methods for analyzing this section 
of the receiver will not receive any attention in this book. 
It will be taken for granted that you are familiar with the 
best practice for accompUshing this. 

Unfortunately, however, it is not possible to make an ab- 
solutely clear cut and definite division for service purposes as 
to whether a certain fault or symptom is due to a defect in 
the AFC circuit or whether it is due to a defect in some other 
part of the receiver circuit. To a certain extent, whether or 
not this is possible will depend upon the nature of the fault 
or the symptom, and as a general rule it is quite easy, from the 
nature of the circuit employed, to determine whether the fault 
is due to the AFC circuit or whether it lies in another part 
of the receiver. 
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For example, suppose that a receiver equipped with an AFC 
circuit which is operative only on the broadcast band shows 
an abnormally high hum in the output on all hands, and that 
this hum is present whether the AFC switch is “on” or “off.” 
How can we be certain whether the hum is being introduced 
through the AFC circuit or through some other part of the 
receiver? In this case it can at once be definitely stated that 
the trouble is not arising in the AFC circuit because if it 
were, the hum would not, in general, be present on the short- 
wave bands. This immediately eliminates the necessity for 
trouble shooting in the AFC circuit. 

On the other hand, if the hum were present on just the 
broadcast band alone, then it would require a further investi- 
gation to establish definitely whether the trouble is in the AFC 
circuit. Such an investigation would proceed along the fol- 
lowing lines: The hum is present on the broadcast band and 
not on the shortwave bands; it is present whether the AFC 
switch is “on” or “off”; therefore if the hum is being intro- 
duced in the AFC circuit, then it must be introduced through 
the oscillator control stage since the discriminator is removed 
from the circuit when the AFC switch is in the off position. 
A convenient way to eliminate the control tube as a suspect 
would be to remove the control tube temporarily and retime 
the receiver for maximum output. If the hum disappears, 
then the hum is being introduced through the control stage; 
if the hum remains, then the AFC circuit is definitely eHmi- 
nated as a possible source of the hum. 

In the simple case where the receiver shows a hum in the 
output only when the AFC switch is in the on position, then 
it follows at once that there is some defect in the AFC cir- 
cuit. An investigation should then follow to determine the 
point of origin of the hum voltage. 

We mention the above examples not alone for their in- 
trinsic interest but to show that trouble shooting can be 
simplified appreciably if you will take the time to analyze the 
symptoms in the light of the manner in which the various 
circuits operate. 
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Checking the Discriminator. 

In the event that a preliminary examination shows that the 
AFC system is not functioning properly, one of the first steps 
should be to examine the discriminator circuit. There are two 
ways of making this check: one method is to check every part 
and operating condition in the discriminator, and the other is 
to examine the output of the discriminator when a signal at 
the i-f peak is applied to the grid of the tube working into the 
discriminator — generally the i-f tube. The latter method is 
to be preferred, since it establishes in a minimum amount of 
time whether the trouble is in the discriminator circuit. If 
the latter is operating properly, then the voltage across the 
AFC bus (as indicated by a vacuum-tube voltmeter or gal- 
vanometer) will vary as shown in Fig. 26, when the input 
frequency is varied about 15 kc on either side of the i-f peak. 
In this same connection the remarks which were made con- 
cerning the improper alignment of the discriminator trimmers 
on the type of characteristic which is produced should be 
noted. It may sometimes happen that failure of the AFC 
circuit to function properly is due only to improper adjust- 
ment of the discriminator trimmers. Should this prove to be 
the case, the trimmers can be adjusted while the vacuum-tube 
voltmeter and the signal generator are connected for the dis- 
criminator test. 

If the overall check of the discriminator shows that it is 
not operating properly, then a continuity check of the circuit 
should be made. As a general rule this, in conjunction with a 
test of the various components involved in the discriminator, 
will show up the trouble. Where a vacuum-tube voltmeter 
is available, it will be found helpful in checking the operation 
of the discriminator transformer. 

Checking the Control-Tube Circuit. 

Where the overall check of the discriminator shows that it 
is operating properly, then this check should be followed by 
an inspection of the control-tube circuit. For this purpose, 
it is convenient to connect a milliammeter in the cathode cir- 
cuit of the oscillator control tube (a 0-5 ma. meter is satis- 
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factory) and to connect the signal generator to the grid of 
the i-f tube or the tube working into the discriminator. As 
the frequency of the signal generator is varied on both sides of 
the i-f peak, the plate current of the control tube should fol- 
low the variation shown in Fig. 91. 

Where the plate current of the oscillator control tube does 
not show the correct variation, a continuity and voltage check 
of the stage should be made to find the cause of the trouble. 
It goes almost without saying that the first check which 
should be made is to replace the control tube with another 
tube known to be in good condition. As always, the course 
of the procedure will be guided by an inspection of the 
schematic and the symptoms which the receiver shows as the 
tests proceed. 

Improper Operation of Oscillator. 

It should be understood that there is a definite relationship 
between the oscillator control tube and the oscillator, which is 
maintained on all bands where the AFC circuit functions — and 
which holds regardless of whether the AFC switch is on or 
off. For this reason failure of the oscillator to function prop- 
erly, and in some cases complete stoppage of oscillation, can 
be traced sometimes to abnormal conditions in the control 
tube circuit. Under normal operating conditions, the control 
tube circuit not only reflects a certain amount of inductance 
across the oscillator tuned circuit, but it also reflects a resistive 
component which tends to damp the oscillator. This tends to 
make the oscillator tube more critical than it ordinarily would 
be in circuits not employing AFC, since a higher value of 
mutual conductance is required in the oscillator tube in 
order to maintain oscillation. Therefore, it is possible that an 
oscillator tube which might be satisfactory in a receiver not 
equipped with AFC will fail to oscillate in a receiver which is 
equipped with AFC. 

Where replacement of the oscillator and oscillator control 
tube fails to restore normal operation of the oscillator cir- 
cuit, the control tube should be removed from the socket. 
If the oscillator functions after the control tube is removed 
from the socket, then the control tube circuit should be ex- 
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amined to determine the defective condition. The usual 
causes of such a condition are abnormally high values of screen 
and plate voltage and insufficient bias on the control tube. 

Hum. 

The arrangement of the circuit in an AFC-equipped re- 
ceiver is such that even small fluctuations in the voltages sup- 
plying the oscillator control tube will affect the output to an 
appreciable extent. Insofar as this influences the alignment of 
the receiver, we have previously seen that it is advisable to 
carry out alignment operations with the line voltage set at a 
value corresponding to the voltage encountered where the 
receiver is to be used. Apart from this consideration, the 
fact that a variation in the plate, screen, or bias voltage of 
the control tube makes itself effective as a change in the fre- 
quency of the oscillator, results in the necessity for careful 
and unusually complete filtering of the voltage supply for 
the control tube. 

An abnormal amount of hum in the output of an AFC- 
equipped receiver which is present only on the bands where 
the AFC system is operative should at once call for an in- 
spection of the AFC circuit. Common causes of such a hum 
effect are an open filter condenser, decrease in the capacity of 
one or more of the electrolytic filter condensers, or cathode- 
heater leakage. The mechanism by means of which this hum 
is produced is as follows: The hum voltage present on one or 
more electrodes of the oscillator control tube varies the fre- 
quency of the oscillator at the hum frequency and conse- 
quently this is reflected as a periodic change in the frequency 
of the signal passing through the i-f amplifier; as a result of 
the selectivity of the i-f amplifier, this finally reaches the out- 
put in the form of a hum voltage which is reproduced by the 
speaker. 

In some cases the hum may have its source in the discrimi- 
nator rather than in the voltage circuit. A common cause for 
this trouble is leakage between the heater and the ungrounded 
cathode of the 6H6 discriminator tube. As a general rule, 
the large filter condenser which bypasses this point to ground 
(see Cl in Fig. 45) is effective in preventing any hum voltage 
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from being introduced into the AFC control voltage from 
this source. However, if this condenser should open up, the 
result will be the introduction of considerable hum into the 
AFC control voltage supply. The resulting hum would of 
course be present only when the AFC switch is on. 

Time Constant. 

The relative time delays or time constants of the AFC and 
the AVC circuits have an important effect upon the overall 
operation of the receiver. Before we consider this question, 
however, let us explain briefly what is meant by the time 
constant of a circuit. In general, a time constant is a measure 
of the delay taking place before a voltage which is impressed 
or changed at one point in the circuit becomes effective at 
another point. In the case of an AFC circuit, the time con- 
stant is a measure of the amount of time it takes for a change 
in the voltage developed at the discriminator to reach the grid 
of the oscillator control tube. In the case of an AVC circuit, 
the time constant is similarly a measure of the amount of 
time required for a change in the voltage output of the AVC 
rectifier to reach the grids of the controlled tubes. In both 
these cases, and in general, it can be stated that the greater 
the amount of series resistance and shunt capacity in the net- 
work, the greater is the time constant of the circuit. This is 
explained in detail in "An Hour A Day with Rider on AVC.” 

It is general practice to design AFC-equipped receivers so 
that the time constant of the AFC circuit is greater than that 
of the AVC circuit. If, however, one of the condensers in 
the AFC feed line opens up for some reason or other, the 
time constant of the AFC circuit is decreased below its nor- 
mal value. As a result, when tuning from a weak signal to 
a strong signal, the AFC circuit rapidly corrects the frequency 
of the oscillator so as to bring a signal into the center of the 
i-f amplifier band-pass before the AVC circuit has had a 
chance to cut down the gain of the receiver from its previous 
high value corresponding to a weak or zero signal input. 
Since the receiver is still in a highly sensitive condition, there 
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is a momentary blast of volume before a steady operating con- 
dition is reached. (Some of the newer AFC sets use a relatively 
narrow control and rely on the “momentary blast” to 
make the presence of AFC noticeable to the customer. In 
these cases, the AFC time constant is purposely made some- 
what less than that of the AVC circuit.) 

Under normal conditions, where the AFC time constant is 
greater than the AVC time constant, this action which has 
just been described is avoided. This follows because the AVC 
system is effective in cutting down the gain before the AFC 
circuit changes the oscillator frequency so as to correct the 
tuning. In practice, the AFC time constant is not made too 
large since this would make it impossible for the system to 
correct for rapid fluctuations in the oscillator frequency such 
as might be brought about by fluctuations in the line voltage. 

Secondary Trimmer. 

The importance of the secondary trimmer in determining 
the operation of the AFC circuit has already been mentioned. 
In some few cases the secondary trimmer of the discriminator 
transformer may require frequent adjustment. As a general 
rule the adjustment of this trimmer should be checked when- 
ever throwing the AFC switch “on” introduces hiss and 
distortion into the output. 

There are a number of different arrangements used to at- 
tain stability and permanence of adjustment of this trimmer. 
In some receivers a fixed air condenser is used in parallel with 
a variable air trimmer. In other receivers a small compression 
type mica condenser is used in parallel with a fixed mica con- 
denser, the latter of which is specially treated so as to show a 
minim um fluctuation with respect to aging, temperature, and 
humidity changes. In still other receivers, a single trimmer 
is used which is similar to the trimmers used in the other i-f 
transformers. In general, the latter type of trimmer is more 
likely to call for frequent readjustment, and in cases where 
the discriminator constantly reqtures readjustment, the entire 
transformer should be replaced with an improved assembly. 
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Loss of Signal Control. 

One of the complaints which is frequently made by lay- 
men using AFC-equipped receivers is that a receiver will often 
be reproducing a program with perfect fideHty when for no 
apparent reason the signal disappears and is succeeded by in- 
terstation noise. To understand why this happens, it is neces- 
sary to consider the action taking place as the receiver is 
tuned from a point where no signal is present to a signal 
channel. Assuming that the frequency of the signal to which 
the receiver is being tuned is 1000 kc, let us trace the varia- 
tion in the output, as the carrier is approached from the low 
frequency side. As Fig. 99 shows, the AFC circuit takes con- 





Figs. 99, 100, and 101. When a 1000- 
kc station is tuned in from either the 
low-frequency side (Fig. 99) or the 
high-frequency side (Fig. 100) the AFC 
circuit takes control 10 kc below or 
above 1000 kc and maintains control 
until approximately 14 kc on the other 
side of the carrier frequency. The 
shaded area indicates the region of un- 
stable control. Fig. 101 is a combina- 
tion of Figs. 99 and 100. Arrows 
indicate the direction in which the set 
is tuned 


trol at 990 kc and keeps the output substantially flat until 
1014 kc at which point the AFC circuit loses control and the 
output drops rapidly to zero. Now the following pecuHar 
effect takes place as the receiver is tuned back from 1014 kc 
towards 1000 kc: the AFC circuit does not take control so as 
to restore the signal until 1010 kc is reached. 

The significance of this is that whenever a receiver is timed 
within the shaded area, it is in an unstable condition. Thus, 
if the signal intensity should decrease slightly, perhaps because 
of fading, the signal would be lost, and furthermore, it would 
not return after the fading. In some cases, a sudden drop in 
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line voltage may cut down the AFC action sufficiently so that 
the station is completely lost and does not return when the 
line voltage rises again. 

If the receiver is not equipped with a noise suppression cir- 
cuit, this loss of signal control is followed directly by an ob- 
jectionable amount of noise, the intensity of which depends 
upon the sensitivity of the receiver and the noisiness of the 
location. 

To avoid this type of complaint, the set operator should be 
instructed to tune in the desired station with a reasonable 
amount of care so as to avoid setting the tuning control so 
that the receiver is operating on the outer edge of the control 
band — that is, within the shaded areas in the figures. 

Careless timing is especially detrimental and productive of 
this effect on the short-wave bands where fluctuations in the 
oscillator frequency and fading are much more common. If 
a reasonable amount of care is exercised in the initial setting 
of the tuning control, the AFC system will be better able to 
compensate for the usual fluctuations in the oscillator fre- 
quency. However, if the tuning is very far off to begin with, 
it will often happen that a slight additional change will cause 
the AFC circuit to lose control as explained above. 

For simplicity, only one half of this action was shown in 
connection with Fig. 99. Actually, however, the same effect 
occurs when the receiver is detuned below resonance, as is 
shown in Fig. 100. Here again, the AFC action keeps con- 
trol until the receiver is detuned 14 kc below resonance; but 
once control is lost, the receiver must be retuned to at least 
within 10 kc of the carrier (990 kc) until control is regained. 
The resultant action which is a combination of Figs. 99 and 
100 is shown in Fig. 101. Here again, the shaded areas indi- 
cate the regions where the AFC control is imstable. 

Motorboating. 

In addition to its other effects, (hum, change in calibration, 
etc.) the susceptibility of the oscillator control tube to 
changes in electrode voltages is sometimes the cause of motor- 
boating. As a general rule, this will sometimes occur when 
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a strong signal is being received at full volume with the AFC 
switch in the off position. 

To understand how this motorboating comes about, it is 
necessary to correlate the following facts: (1) the voltage 
output of the power supply varies in accordance with the 
audio output, decreasing for larger values of audio output be- 
cause of the increased current drain; and (2) a change in the 
voltage output of the power supply changes the oscillator 
frequency because it affects the gain (mutual conductance) 
of the oscillator control tube. When a strong signal is being 
received, there is thus a sort of feedback between the audio 
output and the oscillator control tube through the power 
supply, in that a fluctuation in the audio output will cause the 
power supply output voltage to change, which in turn changes 
the oscillator frequency. The change in the oscillator fre- 
quency in turn changes the audio output so that the feedback 
path is complete and the possibility of motorboating exists. 

You will not often run up against this problem because 
AFC-equipped receivers are designed so as to minimize this 
effect. In a number of receivers the oscillator control tube 
and the power output tubes are fed from different parts of 
the power supply, in this way keeping the oscillator control 
tube voltage more or less independent of changes in the cur- 
rent drawn by the output tubes. 

In at least one make of receiver (see Fig. 71) the voltages 
for the control tube are obtained through an entirely separate 
and distinct filter system which is connected to the filament 
winding of the high voltage rectifier. This circuit arrange- 
ment is expressly designed to minimize the possibility of mo- 
torboating as a result of feedback through the power supply. 

Dial Switch. 

In connection with the effect just described, it should be 
mentioned that most receivers equipped with AFC and an 
automatic or semi-automatic tuning mechanism have two 
separate AFC switches. One of these is the usual manual 
switch which makes possible the choice of regular or AFC 
operation. The second AFC switch is generally mounted on the 
automatic tuning assembly and makes contact momentarily 



142 AUTOMATIC FREQUENCY CONTROL SYSTEMS 

just as the tuning condenser comes to rest, so as to short the 
AFC control voltage. The need for this arrangement can be 
understood from a study of Fig. 1 0 1 in which it is made clear 
that the AFC action tends to keep the receiver tuned in on 
a channel even though the condenser setting may be oflF by 
more than 10 kc. It follows that as the tuning condenser 
passes through a signal channel just before coming to rest, 
this strong signal would tend to keep control and prevent the 
reception of a weaker signal on the channel to which the re- 
ceiver is tuned. By shorting the AFC voltage momentarily, 
this control is lost and it becomes possible to receive the de- 
sired station. Incidentally, cases have been reported where 
insuflScient clearance in the contacts of this switch has shorted 
out the AFC action completely; where this complaint occurs, 
check the contacts and if necessary increase the clearance by 
dressing the points. 


Aligning with the Rider Chanalyst. 

Complicated AFC discriminator circuits may be rapidly and 
accurately aligned with the Electronic Voltmeter in the Rider 
Chanalyst. 



CONT/ZOC 

VOLTAGe. 


Fig. 102. 

A typical AFC discriminator circuit is shown in Fig. 102. 

To align, proceed as follows: 

1. With the AFC switch otf, tune the receiver to a strong 
broadcast signal. (Or connect the signal generator to 
the mixer grid and feed a strong signal at the intermedi- 
ate frequency to this grid.) 

2. Turn on the AFC switch. 

3. Connect the Chanalyst Ground clip to ground. 

4. Place the Voltmeter probe on (2). 
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5. Adjust the trimmer condenser on the primary of the dis- 
criminator transformer until a maximum voltage is indi- 
cated at (2). (This is done to make certain that the 
AFC system is operative.) 

6. Place the Voltmeter probe on (3). 

7. Adjust the discriminator transformer secondary trimmer 
until the voltage reading at (3) is zero. The AFC cir- 
cuit is now properly aligned. 

In some AFC circuits, such as that shown In Fig. 67, (1) is 
not at ground potential, but is connected through a resistor to 
a point negative with respect to ground. In such circuits, 
proper alignment Is achieved when the voltage at each cathode 
of the discriminator tube is the same. This voltage will not be 
zero. Such circuits are checked by placing the Voltmeter 
probe at points corresponding to ( 1 ) and ( 3 ) and adjusting 
the discriminator transformer secondary trimmer until the 
voltage at (1) equals that at (3). The circuit Is then prop- 
erly aligned. 



